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(54) Title: NUCLEIC ACIDS AND PROTONS RELATED TO ALZHEIMER'S DISEASE, AND USES THEREFOR 
(57) Abstract 

The present invention describes the identification, isolation, sequencing and characterization of several human genes which interact 
| with the presenilins, mutations in which may lead to Familial Alzheimer's Disease, these presenil in-interacting protein genes may be 
involved in the pathways which, when affected by mutant presenilins, lead to the development of Alzheimer's Disease. In addition, 
mutations in the presenilin-interacting protein genes, even in the absence of defects in the presenilins, may be causative of Alzheimer's 
Disease. Nucleic acids and proteins comprising or derived from the presenilin-interacting proteins are useful in screening and diagnosing 
! Alzheimer's Disease, in identifying and developing therapeutics for treatment of Alzheimer's Disease, and in producing cell lines and 
transgenic animals useful as models of Alzheimer's Disease. 
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NUCLEIC ACIDS AND PROTEINS 
RELATED TO ALZHEIMER'S DISEASE, 
5 AND USES THEREFOR 

Field nf fh e Invention 

The present invention relates generaJly to the fi^^^ 
fWfttf^^ More particularly; 

which are ^ciat^ ; 

detecting and ^^^mm^^mmmmmm^^^ t0 

^ % det^^ 
othergenesandproteinsre^ 

:tomethod 5 ;6f^ 

use W n, screening for ^ 
Disease. 

BaclnmMindofthi.l 1 »^n^ (1 

« * of ettce.Ma, amyloid prs^ mmm^fM^^ 

^•h^^^rt,,..!^^ Linage studies hay, 

(ATP) (CMe^Hn 199I; Goate et al., mM £ m . 

ww***. : |»f ■^P—., ( ps, 1)(S ^ 0 ; 1995 ; 

■nd presenilis (PS-2) (Rogaev, 1995, and Uvy-Labad, 1995). 

" " y A,th °"* «" of prescniliiis are 
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which are strongly associated ^th the develpp^^^^ 
Familial Alzheimer's Disease (FAD). 

The present disclosure describes the identification; isolation, sequencing and 
; characterization ofseveral human genes whic*interact with ^ theipreseiulms, mutation 
in which may lead to FAD. These pfesenilih-ihteractmg protein genes may be 
involved in the p^ 

■ de yei?pmem^f Alzheimert _ 
int^ij^^^^ the absence of defects in the prbseniHhKmay be 
? causatiyeof AJzhenBe^s Disease. ; 

: - Summary of me IrivenHnn • 
The present invention is based, b parj; upon Uie identifi^^^ 
sequencing and character^pn o^ ' 

of these genes are believed to interact inj^ with the human pre^emlih-1 proteins 
and, therefore, are implicated in the biochanical pathw^ affected in 

Alzheimerfs Disease. Each of these genes, fhcr^ r pr^^^ therapeutic target 
for me treatment of Alzheimer's Disease. In addition^ PS-interacting protein nucleic 
acids, PS-mteracting proteins and pep^ 

cells traiisformed wiAP^ apidSf and transgenic animals 

altered with PS-interacting protein nucleic acids, all possess various utilities, as 
descrHbed^in, for Ae diagnosis, ^y and cominued investigation of Aimer's 
Disease and related disorders. 

Thus, it is one object of me invention to provide isolated nucleic acids 
encoding at least a PS-interacting domain of a PS-interactmg protein. These PS- 
interacting proteins include mammalian S5a subunits of the 26S proteasome, the 
GT24 protein, the p0071 protein, the Rabl 1 protein, the retinoid X receptor-'p, the 
cytoplasmic chaperonin, and several sequences identified herein as clones Y2H35, 
Y2H171, and Y2H41. Preferred nucleotide and amino acid sequences are provided 
herein. It is another object of the invention to provide probes and primers for these 



■ which encode small 
PS-interactmgprotemg .T*+«^-..^ t ^^ 
sequences of at least 10, 15 

sequences. , bodies disclosed and enabled 

25 ^lation of PS-uitetactmgP 

therapeutics. • t6 ^vide host cells and transgenic 

u ^iect of the invention to provia 

It is another object c\ ^ ^jtfi any of the above-described nuclei 
^.hichhavebeentransfortned^ 
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; df the invention; The host cells may be prokaryotic or eiikaiyotic cells and, in 
particular, may be gametes, zygotes, fetal cells, or stem cells useful in producing 
transgenic animal models. 

In particularly preferred embodiments, the present invention provides a 
5 non-human animal model for Alzheimer's Disease, in which the genome of the 
animal, or an ancestor therrof, has been modified by at least one recombinant 
construct which has introduced one of the following modifications: (1) iiisertipn of 
nucleotide sequences encoding at least a functional dbmam of a heterospecific riormal 
PS-mteractrag protein, (2) insertion of nucleotide sequences encoding at least a 
10 functional domain of a heterospecific mutant PS-interacting protein, (3) insertion of 
nucleotide sequences encoding at least a functional domain of a conspecifi 
homologue of a heterospecific mutant PS-interacting protein, and (4) inactivation pf 
an endogenous PS-interacting protein gene: Preferred transgenic animal models are 
rats, mice, hamsters, guinea pigs, rabbits, dogs, cats, goats, sheep, pigs, and non- 
15 human primates, but invertebrates are also contemplated for certain utilities. 

It is anotoCT object 
least a runc^tional dpmam of aP the nucleic acids of the 

v ihvehubfc 

preparations of such protems, including short as 
20 irruriunogehs. Thus, me ihyehtion provides peptides compm at least 10 or 15 
consecutive amino acid residues from 

The invention further provides substantially pure preparations of peptides which 
comprise at least a PS-interacting domain of a PS^mteracting pi^oteiri, as well as 
substantially pure preparations of the entire proteins. 

25 Using the substantially pure peptides and proteins enabled herein, the 

invention also provides methods for producing antibodies which selectively bind to a 
PS-interacting protein, as well as cell lines which produce these antibodies. 



PCT/CA97/00051 



Another object of the present invention is to provide methods of 
identifying compounds which may have utility in the treatment of Alzheimer's 
Disease and related disorders. These methods include methods for identifying 
compounds which can modulate the expression of a PS-interacting protein gene, 
5 methods for identifying compounds which can selectively bind to a PS-iriteracting 
protein, and memods bf identifying can modulate activity of a PS 

interacting protein. These methods may be conducted in vitro orirrviyo, and may 
employ me transformed cell lines and transgenic animal models of the invention. The 
™^?;a| so ^;^^M&0^ai tm inMm compound ,., 
10 methbdsof the invention are ^ subjects. 



20 



25 



;or 



It is another object of the inyenu^ methods of diagnosing . 

screenmgfori^ 

a mutant ^ihteractin^ 

by assays mcluding d^t n^ sequencing, probe specific hybrid • 
15 r^triction enzyme dige^ and mapping 

detection, RNase protection, electrophoretic mobility shift detectibn, or chemical 
mismaMble^age. Alternatively, mu^tforrhs of a P^mteracring protein may he 
detected by assays ihcludmg:^ 
mobility assays! 



It is also an object of the invention to provide pharmaceutic preparations 
which may be used in the treatment of Alzheimer's Disease and related disorders 
which result from r aberration in biochermcal pamways involvm^ ; 
proteins disclosed and enabled herein. Thus, the present invention also 
pharmaceutical preparations comprising a substantially pure PS-interacting protein, an 
expression vector operably encoding a PS -interacting protein, an expression vector 
operably encoding a PS-interacting protein antisense sequence, an antibody which 
selectively binds to a mutant PS-interacting protein, or an antigenic determinant of a 
mutant PS-interacting protein. These pharmaceutical preparations may be used to 
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treat a patient bearing a mutant PS-ihteracting protein gene which is causative of 
Alzheimer's Disease or related disorders: 

These an other objects of the present invention are described more fully in 
the following spetification and appended claims. 

5 Detailed ^ Description of the Invention 
I. Definitions 

. In order to facilit^e review of the various embioidimeiits of the invention^ 

using the invention, the following definitions are provided for particular terms used in 
10 thedescript^ 

Presemli^ 

"praemli^ (PSl>arid/or the preseriiIih-2 (PS2) 

to the mammalian PS1 and/pr PS2 graes/proteins and, preferably, the human PS 1 

15 aiid/6rPS2^ 
WQ96/34099. : 

NonnaL As used t0 
a gene which encodes a normal protein. As used herein with respect to proteins^ the 
term "normal" means a protein which performs its usual or normal physiological role 

20 arid which is hot associated with, or causative of, a pathogenic condition or state. 

Therefore, as used herein, the ^ team "npimal" is essentially syndnymbus with the visual 
meaning of the phrase "wild type." For any given gene, or cbitespbridirig protein, a 
multiplicity of normal allelic variants may exist, none of which is associated with the 
development of a pathogenic condition of state. Such normal allelic variants iriciiide, 

25 but are not limited to, variants in which one or more nucleotide substitutions do hot 
result in a change in the encoded amino acid sequence. 

Mutant. As used herein with respect to genes, the term "mutant" refers to 
a gene which encodes a mutant protein. As used herein with respect to proteins, the 
term "mutant" means a protein which does riot perform its usual or nonnal 
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physiological role and winch is a?so^ or causative of, a pathogenic ' 
condition or state. Therefore, as used herein, the term "mutant" is essentially 
synonymous with the terms "dysfunctional^ ^6 
: "deleteripus,'' Wim resp^t to me preseni protein 
5 and proteins of the present invention, the term "mutant" refers to genes%oteins 
^""^ ^ °* ™ pre W Wde/«cnino acid substitutions, insertions and/pr deletions 
^chjypically lead to the development of me sympt^^^^^^ 
andtor other relevant inheritable phenbtypes (e g. cerebral hemorrhage, mental 
re^tion, sphizpphrenia, psychosis, and depression) when : expressed in humans. 
10 ^s defmitioh is understood [to inciudethe various ^mutations that naturally exist, 

including but not limited to those disclosed herein, as well as synthetic or recombinant 
mutations produced by human intervention. The term "mutant," as applied to these 
genes, is not intended to embrace sequence variants which, due to the degeneracy of 
the genetic code, encode proteins identical to the normal sequences disclosed or 
15 otherwise enabled herein; nor is it intended to embrace sequence variants which, 
although they encode different proteins, encode proteins which are functionally 
equivalent to normal proteins. 

Substantially pure, As used herein with respect to proteins (including 
antibodies) or other preparations, the term "substantially pure" means that the 
20 preparation is essentially free of other substances to an extent practical and 

appropriate for its intended use. In particular, a protein preparation is substantially 
pure if it is sufficiently free from other biological constituents so as to be useful in, for 
exampie ; generating antibp^ or producing pharmaceutical 

preparations; By technic well known in me art, substantially pure proteins or 
25 peptides may be produced in light of the nucleic acid and amino acid sequences 

disclosed herein. In particular, in light of the nucleic acid and amino acid sequences 
disclosed [herein, one of ordinary skill in me ait may, by appUcation or serial 
application of well-known methods including HPLC or immuno-affinity 
chromatography or electrophoretic separation, obtam proteins or peptides of any 
° genera,ly feasible purity. Preferably, but not necessarily, "substantially pure" 
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preparations include at least 60% by weight^weight) the compound of interest 
More prefeiablyuSe preparation is least 75% or90%, and mostpreferabiy at least 
^M^t^^' i f^^ 6rivlD ^ Purity can be measured by any appropriate 
method, e g , colurm^^^ or HPLC analysis. With 

5 respect to proteins, including antibodies, if a preparation includes two or more 

difl^ compounds of interest (e.g., two or more di^ immunogens, 
functional domains, or other polypeptides of the invention), a "substantially : pure" 
preparation is preferably one m 

compounds of interest is at l^ Similarly, for such 

10 . preparations ^wntaming two or more compounds of ^erwt, it is preferred Aat the 

total weightof me compound of interest beat least 75%, more preferably at least 
^9Qfa.&^V*faMX at least 99%, of me to^ ^ 

Finally, in the event that the protein of interest ismixed with one or more other 

proteins (e. g ;, serum albumin) or compounds (e.g., ^lu^, excipients, salts, 
15 polysaccharides, sugars, lipids) for purposes o^ 

the like, such other proteins or compounds may be ignored in calculation of the purity 

■ of thepreparationi 

icnUtPH nucleic acid. As used herein, an "isolated nucleic acid" is a 
ribonucleic acid, deoxyribonucleic acid, or nucleic acid analog comprising a 
20 polynucleotide sequence that is isolated or separate ftom sequences mat are 
. immemately contiguous (one on the 5 1 end and one on the 3' end) in me naturally 
occurring genome of the organism from which it is derived. The term therefore 
includes/fbr example, a recombinant nucleic acid which is incorporated into a vector, 
into an autbnbmbusly repticating plasmid or virus, or into the genomic DNA of a 
25 prokaryote or eukarybte; or which exists as a separate molecule (e:g., a cDNA or a 
genomic DNA fragment produced by PCR or restriction endonuclease treatment) 
independent of other sequences. It also includes a recombinant DNA which is part of 
a hybrid gene encoding adfluonal^ 
regulatory: elements. 
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15 



; Substantially identical ^eqnmcr jAs u^ herein, a "substantially 
identical" amino acid sequence is an amino acid sequence which differs only by 
conservative amino acid substitutions, for example, substitution of one amino acid for 
another^ the same class (e. g :, valine for glycine, arginine for lysine, etc.) or by one 
' 0rmOrenOn ^^ ves ^^ 

me amino acid sequence which do not destroy me fohction of the protein (assaye4 
e g, as described herein). Preferably, such a sequence is at least 85%, more 
preferably 9G% ? and ^ 

sequence of the protem or peptide* which ;it is being chared, For nucleic acids,: 
me 'ength of 00™^^ sequences will generally be at :least 50 nucleotides; 
pt^m^ l^t 60 nucleotides, more preferably at least 75 nucleotides, and most 
preferably 1 10 nucleotides. A "substantially identical- nucleic acid sequence codes 
for a substantially identical amino acid sequence as defined above. 

Transformed cell As used herein, a "transformed cell" is a cell into which 
(or into an ancestor of which) has been intioduced, by means of recombinant DNA 
techniques, a nucleic acid molecule of interest. The nucleic acid of interest will 
typically encode a peptide or protein. The ^formed cell may express the sequence 
of interest or may be used only to propagate the sequence. THe term "transformed" 
may be used herein to embrace any method of introducing exogenous nucleic acids 
mcludmg, but not limited to, nWformation, transfection, electrbporatioh, 
microinjection, viral-mediated transfectibn. and me like. 

QpmmsL As used herR a ^ 
sa.dtobe^blyjoined-whenthey 
meex^sipnort^ 

oftheregulatoty region: If it is desired that the ^coding sequences b, trans^ 

promoter function results in the transcription of the coding sequence and if the nature 
of m^linicage between the two DNA sequences does not (1) resulting introduction 
of a frame-shift mutation, (2) interfere wim the ability ofthe regulatory region to 
direct the transcription of the coding sequences, or (3) interfere with the ability ofthe 
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, corresponding RNA transcript to be translated into a protean. Thus, a regulatory 

region would be operably joined to a coding sequence if the regulatory region were 
• capable of effecting transcription of that DNA sequence such that the resulting 

transcript might be translated into the desired protein or polypeptide. 
5 I ffiff cor #' ons : Stringent hybridi^on conditions is a term 

- p^art i^eretp^ For ^ given nucleic acid 

sequence, stringent hybriciiMtipn cohcuuohs are those conditions of temperature, 
chaotrophic acids, buffer, and ionic strength which will permit hybridization of that 
: ; nucleic acid sequence to its complementary sequence anf not to subst^tially Afferent 
10 sequences. The exacicondid^ 

the nature of the nucleic acid sequence, the length of the sequence, arid the frequency 
; : of occurrence pf subsets of that sequence within other non-identical sequences. By 
varymg hybridization conditions from a level o non-specific 
hybridization occurs to a level at which only specific hybridization is observed, one of 
15 ordinary skill in the art can, without undue experimentation, determine conditions 
which will allow a given sequence to hybridize only with cornplementaiy sequences. 
Suitable ranges of such stringency conditions are described in Krause and Aarpnson 
V ( 1991 )- Hybritotion conditions, depending upon the length and commonality of a 
sequence, may include temperatures of 20°G-65°C and ionic strengths from 5x to Ollx 
20 SSC. Highly s^iigrat hybridization conditions may include temperatures as low as 
40-42°C (when deharurahts such as formamide are included) or up to dO-o^C in ionic 
strengths as low as OAx SSC. These ranges, however, are only illustrative and, 
depending upon the r nature of the target sequence, arid possible future technological 
developments, may be more stringent than necessary. Less than stringent conditions 
25 are employed to isolate nucleic acid sequences which are substantiaily similar, allelic 
or homologous to any given sequence. 

Selectively binds. As used herein with respect to antibodies, an antibody 
is said to "selectively bind" to a target if the antibody recognizes and binds the target 
of interest but does not substantially recognize and bind other molecules in a sample, 
30 e.g., a biological sample, which includes the target of interest. That is, the antibody 
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;. ■ ■ ^ ^*>*M^ s*biii#^pt » Aiii^^ihi^.^^^ ^ 

essentially all of molecuies which wodd reasonably be ^ „ g b^ca, sample 
including the target. 

XI- The Presenilins and Pr^Pn,t,„. Interartjnf , Pr ^„ 

5 ^ - 71,6 P^^nvention is based, in part, upon the discovery of a family of 

manm^a A ge„eswhich,w^^ 

Acer's Disease m 

presenilm.2 ? S2),as^^ 

10 described in PCT Publication wnWA^noo in. 

™ wt w«0W ™« present rovention is further based in 
^WS*di^ery^^ 

undwpliysio.pgical^ 
^«<o«l^ fe i^^ 

of the PS-mteracting proteins. Furthermore as^t;™,' .u ■ 
mu^eni.inswiioney^ ., 

a.sonke.ytobeca^ve.fAlzhe.^sDi^ ^ 

.nWgenesar^p^disclosedanddescribedh^ 
f °'^°-<>"°™offan« 

for new assays for cotnpotinds which affect the i^ons ofthe preseniIins ^ ps . 



W097/27296 



PCT7CA97/00051 



'•- • "■ ; ' .12- 

interacting proteins, assays for other members of the biochemical pathways involved 
in the etiology of Alzheimer's Disease, and hew cell lines and transgenic animal 
models for use in such assays. 

5 1. Preenilin Processing 

Employing the antibodies andproteih-bihd^ 
: : : enabled m PCT Publication W096/34Q99, the processing and protem-proteih 
intentions of both nonnaT^ 

^ ithat m^ 

10 processing (eg.v ehdoprotebiytic cieavage, ubiquitinationi andclejai^ce)S their 
intracellular mteractibhs with omer proteins expressed in human brain. As described 
bel6^;^p^ledge of prjesemlih prbc^siiig and mteractipns, and p^cularly changes 
in mutant preseniiin processing and mteracti^ new diagnostic and 

therapeutic targets for AJz^ 

15 Western blot analyilisi siSggests uwt me normal presem^ 

proteolytic cleavage to yield characteristic N- and C-teTminal figments. As noted 
above; the normal preseniiin proteins have an expected molecular mass of 47-51 kDa 
depending* in part, upon mRNA splice variations, electrophoretic conditions, etc. 
Analysis of Western blots sugge^, however, that the normal presemlin jpfbteins 

20 undergo proteolytic cleayjage to yield ah approximately 35 JcDa N^erminal 
• and an approximately: 18 kpa^-terminal fragment In particular, Western blots 
bearing lysates from wild-type native human fibroblasts, human neocprtical brain 
tissue from control subjects, and neocprtical brain tissue from non-tiransgenic and PS1 
transgenic mice using antibodies ("14.2") recbgmzihg PSlrspecific residues 1-25 at 

25 the N-tenriinus reveal the presence of a strong inimunoreactive band of approximately 
35 kDa and, after longer exposures, a weaker band of approximately 45 kDa which 
presumably represents the full-length PS1 protein. Antibodies ("520") directed at 
residues 304-318 at the apex of the TM6-+7 lpopofPSl, and antibodies ("4627") 
directed at residues 457-467 in the C-terminus of PS1, both recognize the same strong 

30 band of ai>proximately 1 8 kDa. Antibodies 520 also recognize a weak band of 45 kDa 
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fagment from PS 1 -transacted human cmbiyoiiic kidney cells (HEK 293) showed 
•hat the principal endophytic cleavage occurs near M298 in the proximal ponion 
of the TM6-.7 loop, possibly by enzymes other than the proteasome. These 

5 ^ ^ 

ofexonsO^lOofPSh F^lengmPSl inuSesecdlsisgnicklymrnedov^ft^ 
60 min.) by the proteasome. 

To determine whether mutatior^^ in 
alterations of their proteolytic cleavage, Western blots containing lysate^ of fibroblast 
10 and neocortical brain homogenates fiom normal subjects and subjects carrying PSl 
mu ^°ns^ 

mere were no obvious differences ^ intensities of the protein bano^w^ 

lysates from heterozygous carriers of the PS1 mutations were compared with normal 
homo^gotes. In contrast, there appeared to be a difference between PS1 mutation 
15 earners and normals in homogenates of temporal neocortex from AD affected 

heterozygous carriers of either the PS 1 ^ A246E o r G 41 py mutations (which are located 
m TM6 and TM7 respectively). In heteroses, a strongly immunoreactive band of 
a P proximately45 k pawasdetecte d wmc^ 

length PS1 p rotem . Further how ^ t ^ Msb ^ repr ^^ 

2P altemahvelyprec^ 

mutantprpce^edPSl -as observed in n^ 
latc^ADp^ Thesed^suggestthal.^^ 

^«*!*^ . 
25 ^intheprec^^ 

onset and sporadic AD. 

2 - Presenilip^Tnteracrinpr Pr^t,^ 

.he presenihns jnvjvo, a yeas, two-hybrid system was used as described below 
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(Example 1 ). In particular, because mutations in the TM6^-7 loop domains are 
known to be causative of AD, a yeast two-hybrid system was used to identify cellular 
proteins which may interact with norma) and mutant presenilin TM6-»7 loop 
domains. Yeast two-hybrid studies were also done with cDNAs corresponding to the 
5 C-terminai 18 kDa endoproteolytic cleavage fragment, and with cDNAs 
corresponding to ^ 

FAD associated Y115H ini^ In brief, cDNA sequences ehco^hg me 

IMo^T loop (i;e., residues 266 to 4GS> of PS1) were ligated in-frame to the GAL4 
DNATbindmg domain m me pAS2r l yeast expression plasmid vector (Clbntech). 
10 Tms pla^d was men co-6^sformed into S. cerevisiae s^in YIQn tnytw ii/ity^ 
library of human brain cDNAs ligated into the pACT2 yeast expression vector bearing 
^eGA^my^ondoT^ (Clontech), After appropriate selection and 
a number of clones w^ 

encoding peptides wWch interact^ domain. To 

15 detenmnewhemermeseprese^ 

mutations wifliin the TM6-*7 loop, the yeast two-hybrid system was again used with 
TM64+7 loop peptides co^ L286V* ^^9^i^ : ^-tjioa'W splicing 

- mutants; : When these muuuit constructe were used as ^bait'Vtp^screen th^ brain 
cDNA:GAL4 activation domain library, some but not all of the brain cDNA 
•20 , . sequences which interacted \vith the normal presenilin were recovered. In additioni 
several new clones w^ 

normal presenilins; The clones corresponding to the PS-interacting proteins with the 
highest presenilin affinity are described in Example 1 and below. 

PS-mteractihg proteins, particularly mose wmch interact selectively with 

25 either the normal or mutant presenilins, provide new targets for the identification of 
useful pharmaceuticals, new targets for diagnostic topis in the identification of 
individuals at risk, new sequences for the production of transformed cell lines and 
transgenic animal models, and new bases for therapeutic intervention in Alzheimer's 
Disease. In particular, the onset of AD may be ass ciated with aberrant interactions 

30 between mutant presenilin proteins and normal forms of PS-interacting proteins such 
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asthos^den^usir^ 

or decrease interactions present with normal PS1 or may cause interaction with a 
.. novel mutation-specific PS-interacting protein. In addition, however, aberrant 

be causative of AD. 

..„:. /.A. TlieS^aSii^ m i| ;0 (;,h.^Q ,^ rolea!innfT : ■ 

: Two overlapping clones have been identified as representing . portion of 
the human protein alternatively know, as Antisecretory Factor r ASF") or the 
10 Multiubiquitin chain-binding S5. subuni, of the 26S proteasome ("SSa-) These 

the nonnal presenUm : TM6-»7 loop domain out only weakly with two TN16-+7 loop 
co-trnmtmoprecipWon audies, and immunocyochemical studies showed SSa and 

, affectedbyAD. r 

The interaction between PS1 and the proteasome could be relevant to the 
***** <*» -era. possibte mechanisms 

: ; wtach,^ 

^wh,ch^merefere,r^ilyd^^ 
mutanona^^^ 

^^~K,h„» 

effec*. T*us, mutations in imer ate presemlins or :S5a which perturb the PSl S5a 
^ocio^ ™ the x™^^ c^s o^ay oause ho,o P ro tein to b e 

30 !T ! * , T Mi ^ **" ^ Thercfore '— °^eni Iin proteolyuc 
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To assess a potential invivo relationship between PS 1 and the S5a siiburiit 
of the 26S proteasome, the effects of proteasome inhibitors on PS 1 metabplism were 
investigated. Short tenm prgMotypic cultures of neonatal rat hippocampus and 
c^inoma of colon (GaGo2) cells (which expi^s high levels 6f both PS 1 and PS2) 
5 were administered either the specific, re^ 

leucinyl-leucinyl-nprieucinyl-H 1994), or thd specific irreversible 

proteasome inhibitor 1^ al., 1995); B oth agents c aused ah 

increase in the steady state levels of PS 1 holoprotein. Both agents ^o prolonged the 
half-life of the P 

10 -15 minutes to -35 minutes. As noted above, the PS1 holoprotein appears to be 
rapidly turned over in normal cells; However, even afteir four hours bf rrietaboiic 
labielling, n^ level of the 35 UDa N r 

terminal PS1 fragment, or ^ of npv^l species. These studies 

imply that the majority of the PS 1 holoprotein is catabolized directly via a rapid; 

i5 proteasome dependent pathway in a maimer similar^t^ 

m^brane; prote ms ^ On the other hand, because the -35 kDa 

and ^18 kDa terminal fragments are still produced in the pr^eribfe of proteasome 
inhibitors, this endoproteolytic cleavage of PS j is probably not mediated by the 
proteasome pathway. Therefore, it appears that at least two proteolytic pathways act 

20 upon the iPS i hplppro^ 

An dternate possibility is that mutant PS 1 :S5a intentions may modify 
the function or the cellular regulation of S5a. To address this possibility, S5a levels 
were examined by Western blotting of ly sates from postmortem temporal neocortex 
from hori-AD neurologic controls (n = 8), sporadic AD (n = 8) and PS 1 -linked FAD 

25 (n == 4). In the majority of non-AD brains, polyclonal ahti-S5a antibodies specifically 
detected an S5a species with Mr of - 50 kDa, which could be Abolished by 
preabsorption of the antibody with recombinant His 6 -S5a or with extracts ofmvc-iS5a 
transfected cells. In a subset of these control cases an additional S5a reactive band 
was observed at -34 kDa. In contrast, in tissue from all subjects with sporadic late 

30 onset AD, the predominant S5a reactive species was observed at ~ 40 kDa which was 
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not seen, n control tissue. The origin, and the functional significance of this altered 
. electrpphoretic mobility is unclear but indicates that S5a processing is altered in AD 
brains, infecti ve of whether the AD is presenilm-linked or sporadic. 

Thus, the p^enilm-protea^orhe int^^ appears significant in several 
5 respects. First, the fects that ^noM interacts 
with the S5a protein, that 

; : very weakly> with the S5a protein, that presenihns bearing mu^ ih 

; - ™ 6 ~* 7 l0 °P mm to be differently cleaved and multiubiquitmated; that 

, proteasomes are^own to be involved in thecleavage and clearance of a variety of 
IP ... P*tei^ 

activity inhibits cleavage 0 f the presenilin nonproteins, and that S5a processing is 
. ; altered iii AD brains, aU suggest (l)that the S5a subunit and the 26S prote^oine are 
involved in the normal processing of me presenilins and that mutations which disrupt 
this normal interaction may be responsible for the abnormal pmcessing observed in 
15; ^p domain mutants; or (2) th« 

modulate the activity of PS1, S5a, or both, with or without involving proteasome- 
mediated presenilin processing- or (3) that modulation of the normal quality control 
function of proteasome-mediated degradation of misfolded or mutantmembrane 
proteins trafficking mrough the ER and Golgi (such as APP, Notch, or Prion proteins) 
20 »d of rmsfolded, mu^ proteins Oncludmg structural ' 

protems such as tau,; ^ 

as NFkB). Thus, defective proteasome function might selectively cause these proteins 

(espectallyPAPP.uu^onjtobea^^ 

the accumulation of neur^^^ 

25 A|> and PrPsc, the accumulation of neurofibrillary tangles, and defective intracellular 
signaling functions. In support of these hypomeses, it shorts 
clear hyperubiquitinated phosphorated tau and omer micrombule associated proteins 
is a prominent feature of Alzheimer's Disease (Kpsik and Greenberg, 1994) 
suggesting a possible link between TM6->7 loop domain mutants, presenilin- 

30 P^easome interactions, tau-proteasome^ 
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of tau protein in AD brains. Finally, proteasomes are known to be capable of 
degradriig APP and of binding the Ap peptides which are associated with Alzheimer's 
Disease, suggesting a possible lii^ 
presOTilin-proteasome interactip 
5 piaques characteristic of AD brains, Furthennore, administration of proteasome 
inhibitors such as LLnL and Lactacystin cause severe distuibances in pAPP 
metabolic wath incr^ and the 

secretion ^ ofAfe the media (fSlafkiv et al- ■-=»= 

\996), Z . i . - . • : . . • ' . . . : .; ;;;; 

io 

are clear targets for 

described below, ^says may now be provided for drugs which affect the proteaspme- 
mediated cleavage of the presenilins^ which afreet the alternative endoproteolytic 
cleavage and ubiquitination of the mutant p 
15 processing and trafficking of the presenilihs or the S5 a subunit of the prote^nie. In 
addition, as mutations in the 2(5$ proteasome which dd^ 

the presenilins are likely to be causative of Alzheimerfs Disease^ additional diagnostic 
assays . are provided for detecting mutations in the S5a or other subunits of the 
prbteasdifrie. Finally, additional transformed cell lines md transgenic models may 

20 : now be prpvided which have been altered by the iiitr^ubtipn of a normal or mutant 
sequence encoding at least a functional domain of the proteaspme; The appearance of 
abnonnal electrophoretic forms of S5a (and/or other proteasome subunits) in biologic 
tissues and fluids can be used as a clinical test for diagnosis and monitoring of disease 
activity in subjects with sporadic forms of AD. 

25 B - GT24: A Protein with ,'? Armadillo" Repeats 

Another PS-interacting protein, designated GT24, was identified from 
several over-lapping clones obtained using a PS 1 266 ^ domain as bait in the yeast two- 
hybrid system and a human adult brain cDNA library. Six longer GT24 clones of 
-3.8 kb in size were subsequently obtained by screening of conventional cDNA 

30 libraries. The open reading frame within the longest GT24 clone obtained to date 
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(Accession number U81004) suggests that GT24 is a protein of at least 1040 amino : 
acds with a unique N-terminus, and considerable homology to several armadillo 
^^.p^^cAm^ Thus,, for example, residues 440-862 of GT2* 
(numbering from Accession number U81004) have 32-56% identity (p=l 2e '") to 

. 367-8^ofGT24 have 26-42% identity (p=0;0017) to residues 245^65 of the ^ 
ffi^aog^ter annadUlo segment polarity pro^ ^ 

GT24 gene maps to chromosome 5p 15 near the anonymous microsateilite marker 
D5S748andmeGn^ 

10 Hybridization of unique 5' sequences of GT24 to Northern blots reveals 

that the GT24 gene is expressed as a range of transcripts varying in size between ^-3 9 
and 5,0kb inseveraJ regions ofhuman bram^ »d in several non-neurologic tissues 
suchasheart. ^ addition, in^ hybridization 

fragment from the 5> end of GT24 in four month old murine brain reveal GT24 
15 ti^riptibh ^parallelsthatofPSl 

mppocampal n^ neocortical neurons, and in cerebellar Purkinje 

^ CeUS -^ 

expressed at somewhat Wgher levels in ^ 

human PS l cPNA, a Cjinyc-rtagged cDNA encoding residues 484- 1040 of GT24 
(mcludmgmec-t^ 

then^G^prote^^ m PSl/myc-GT24 doubie trahsfected 

25 cells, the immunoprecipitates contained a robust anti-myc reactive band of Mr -60 
kDa, which co-migrated with a myc-GT24 control. In cells transfected with myc- 
GT24 only, a very weak band was detected after long exposures, pre S umably 
rcflectogmt^ 

*^**™**^' m ^iti^^ m alone.orinanyofthe 
transfected cells inununoprecipitatedwim^ Taken together these 
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observations strongly suggest that the observed PS 1:GT24 interaction is 
physiblbgically relevant. 

T 9 e xplpre whether mutations in the TM6-TM7 loop of PS1 might 
influence me PSi:GT24 interaction, we employed quantitative liquid P-galactosidase 
assays to directly compare me yea^^^ 

499-1040 of GT24 with wildtype and mutant PSlj^ These studies revealed that 
the interaction of GT24 4M . li40 with a L286V mutant PS 1 domain was not significantly 
different from the interaction with the corresponding wild type PS1 domain: In 
contrast, there was a significant reduction in the GT24 4!W . 1()40 interaction with the 
L392V mutant PS1 construct. The absence of an effect of the L286V mutation, arid 
the presence of an effect with the L392V mutation, may suggest that some mutations 
may effect PS 1 :GT24 binding, while others may modulate the PS1 response to GT24 
binding. 

The PS1:GT24 interaction could support several functions, The arm repeat 
motif of GT24 has been detected in several proteins with diverse functions including 
P-catenin and its invertebrate homologue armadillo, plakoglohin, p 120, the 
adenomatous polyposis coU (APG) gene, suppressor of RNA polymerase 1 in yeast x 
(S ^ 1 ^ ^ d ;! mGE)S For exaihpie, P-catenm, pi 20 and plakoglbbin play an essential 
role in intereellular adhesion. P^catenin /armadillo is involved in trangH»rti rt « »f 
^piigss^a sisals d 

a role in other receptor mediated signal transduction events including responses to 
trophic factors such as PDGF EGF, CSF-1 and NGF, 

If the PS 1 :GT24 interaction is part of intercellular signaling pathways for 
trophic factors, or is involved in cell-cell adherence, disruption of the interaction may 
be involved in the neurodegenerative processes in PS-linked FAD brains, and in the 
increased sensitivity of PS1 or PS2 transfected cells to apoptosis (Wolozin et al., 
1996). It is of note that at least one arm protein, smGDS, stimulates GDP/GTP 
exchange on intracellular G-proteins (Kikuchi et al. 1992; Borguski et al., 1993), and 
that mutant forms of both PAPP and PS2 are thought to activate programmed cell 
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(Woloanetal, >996;Okamo,o,e.al.. 1995; Yarnatsuji, etal. 1996) . 

,_ . . TWin^uon between PSi and GT24 may also be involved in some of 

; , ^^^^ mmm ^^^ vmm knockottIs inm . ce . 

,.5 suchasiaiied sondes* of the cauda, entbryo, short «, Wd«ai cerefei 

. ; . ; f^^en^^ ^ 
caudal soraile and tail bud fonnation Th» w». i. 

.„,,, „ :r. ,onM «°»- ^ SiBUa knockouts are embryonic lethal by 

? , ^ 

^™™nnal Wm ^ 
d ^^<»rce.IW (e .^ 

apoptosis, etc.). 5, 

^^^^^P^new^fordiagnos^^,, 
*«^«™,i.*D. F»rexa m p,e,a SniuutionsintheG72 rofe y 

detectut^u^ mthae sequencK ^ ^ 
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•5' 



and transgenicmodels may nowbe provid 

of a normal or mutant nucleic acid encoding at least a functional domain of the GT24 
protein, and particularly the functional domains (e.g., residues 70-377) which interact 
with the presenilins. Such transformed cells and transgenics will have utility in assays 
for compounds which modulate the presenilin-GT24 interactions. 
V C. b0071 : A Protein with "ArmaHilid" Reheats 

Another independent clone isolated in me imtial K the wild : 

type ?S1 26 ^09 "bait" also encodes apeptide^^ 
Y2H25yAccessidn niimber U81005),^ A 
10 Y2H25 clone has been deposited with GenBank as human protein p007 1 (Accession 
number X81889) and is 'nqand^uSiecl htinsiif.liS^SEQ^ID' NO: 5:'. .'Cl^i^Y2H2'5 ■ 
cprrespono^ essOTtially: to m 

Comparison of the predicted sequence of the Y2H25/p0071 ORF with that of GT24 
confirms that they are related proteins with 47% overall amino acid sequence identity, 

15 and with 70% identity between residues 34^-862 of GT24 and residues 509-1022 of 
p0071. TMs suggests mat PS1 interacts with a novel class of arm repeat containing 
proteins. The broad -4:5 kb hybridization signal obtained on Northern blots with the 
unique 5[ end of GT24 could reflect either alternative splicing/polyadenylation of 
GT24 or, less likely, the existence of adtutidnal membere of this family with higher 

20 degrees of N-terminal homology to GT24 than p007i . Cells transformed with these 
sequences, or transgenic animals including these sequences, will have additional 
utility as animal models of AD and for use in screening for compounds which 
modulate the action of normal and mutant presenilins. 
D. Rab 11 

25 One clone (Y2H9), disclosed herein as SEQ ID NO: 5, was identified as 

interacting with the normal PS 1 TM6->7 loop domain and appears to correspond to a 
known gene, Rabl 1, available through Accession numbers X56740 and X53 143. 
Rabl 1 is believed to be involved in protein/vesicle trafficking in the ER/Golgi. Note 
the possible relationship to processing of membrane proteins such as BAPP and Notch 



PCT/CA97/00OS1 



-23- 



with resultant overproduction of toxic ^ peptides (especially neurotoxic AB^, 
isbforms) (Scheurier, et al; 1995). 

E. Retinoid X R w^ptnr.p 

One clone (Y2H23b), disclosed herein as SEQ ID NO: 6, was identified as 
5 interacting with the normal PS 11;^^^.^^ to correspond to a 
known gene, known variously as the retinoid X receptor-p, nuclear receptor co^ 
regulator, or MHC Class I i^labry element, and is available througlvAccession 
, numbers M84820. X63522 and M8 1766, This gene is believed to be involved in 
Z ^tercdlular^gnaling,^ 

10 function moated by C^le^ sei 12 ^ Noteh/lin^ (transcription activator). 
F. Cytoplasmic f Tiaoeronm 

One clone (Y2H27), disclosed hereiaas S^ 
mteracting with the normal PS 1 TM6-^7 loop domain and appears to correspond to a 
known gene, a cytoplasmic chaperomn «x,ntaining TCP-1, available through 
15 Acc^iph numbers Ul 7 i 04 and' X 
G. Clone Y2H3S v = 

One clone (Y2H35), disclosed herein as SEQ ID NO: 7, was identified as 
, feting wi^ aMappea* to correspond to a 

sequence that codes for a protein of unknown function, available through Accession 

H. Clone Y2W171 ; 

One clone (Y2H171), disclosed herein as SEQ ID NO: 9, was identified as 
.nteracting wim the ^ tm6->7 loo^domain and appears to correspond to a 
known expressed repeat seq^rice available through Accession number D55326. 

I. Clone Y2H41 

One clone (Y2H41) was identified which reacts strongly with the TM6-7 

loopdomamsofbomPSlandPS2aswellasthemutantloopdomainsofPSl The 
sequence, disclosed as SEQ ID NO: 10, shows strong homology to an EST of 
unknown function (Accession number T64843). 
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III. Preferred Embodiments 

Based, in p^y upon the^ 

following preferred embodiments of the present invention are provided; 
• 5 :. .. :. .... .' .,: \;. :/ . . . . : : : V; .. 

1 . Isolated Nucleic Acids 

In one series of embodiments, the present invention provides isolated 
nucleic acids corresponding to, or relating to, the nucleic acid sequences disclosed 
> herein wWchenc^e 
10 As described more rally below, the discl^^ 

sequences from humans and other manimalian species, mutant sequences fi^^ 
. ^ un > a ° s ^ d : P me f ^ammali^^ 

species such as Drosophila and C. elegans. subsets of thew Sl ^iiPn<v»c ,,e,.fi,i rrr t.~ 
and PCR primers, subsets of these sequences enc^mg fragments of the PS-interacting 
15 pMeiiis of corresponcung to particular structural domains or polymorphic regions, 
complementary or antisense sequences corresponding to fragments of the PS- 
interacting protein genes* sequences in which the PS-interacting protein coding 
regiohs have been operably jbineci to exogenous regulatory regions, and sequences 
encoding rasion proteins in which portions of the PS-imeracting proteins are fused to 
20 other proteins useful as itt^kere of exp^^ "tags" for purification, or in screens 
and assays for omer proteins which mteractw^ the PS-interacting proteins. 

Thus, in a first series of embodiments, isolated nucleic acid sequences are 
provided which encode ai least a PS-interacting domain of a normal or mutant version 
of a PS-interacting protein. Examples of such nucleic acid sequences are disclosed 
25 herein as SEQ ID NOs: 1,3, and 5-10. m addition, given me sequences of the PS^ 
interacting domains of the PS-interacting proteins disclosed herein, one of ordinary 
skill in the art is clearly enabled to obtain the entire genomic or cDNA sequence 
encoding the entire PS^interactihg ; proteins. Thus, for example, based upon the initial 
clone of the GT24 protein obtained using the yeast two-hybrid system (Example 1 ), 
30 the larger GT24 cl ne disclosed as SEQ ID NO: 3 was obtained by standard methods 
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I***, a KpreS e Illin ™mi I ,„p ro v itecompIete genontic sequences as *«!! as ' 

; ^»^,^P^ , 

^translate* ; » WS5 , ,» DNA ^ t ^« : 
descnption of the PS-imeracting proteins ^ r 

^^gl^iW^ngg^^ 

?^ Wl^^ ffiese aiie^w,^ ^ we| , 

organic huDlan ^ ^ „ ^ ^ i^',, - <§ 

deveiopmen. of AD or other disorders, became i, is desirable to identify 
PP.yr»^ 

« ,s *o des.rtb.e ,„ creae a variety mo de,s *bich w be use, ,o s^y 

30 pT^ f ° rP0,en,ial " addition* 

PS-.nteracm.g pro t e,n fences be isoUted from od.er preparatories 



WO 97/27296 



PCT/CA97/00051 



-26- 



of human nucleic acids and from preparations or libraries fro^ animals including rate; 
mice, hamsters, guinea pigs, rabbits, dogs, cats, goats, sheep, pigs, and non-human 
.. primates: Furthermore, PS-interacting protein homblpgues from yeast or invertebrate: 
species, including C^Iegans and other nematodes, as well as Drosophila arid other 
5 insects, may have particular ; utilityTordrog-s»eening-; 

Standard hybridization screening or PCR techniques may be employed (as 
used, for example, in the identification of the mPS 1 gene disclosed in PCT 
Publication WO9O734099) to identiry and/or isolate such allelic ^ 
sequences using relatively short PS-interacting ^ protein gene sequences. The 
10 sequences may include 8 or fewer nucleotides dependmg upon the nature of the target 
sequences, the method employed, and the specificity required. Future technological 
developments may allow the advantageous use of even shorter sequences. With 
current technology, sequences of 9-50 nucleotides, and preferably about 1 8-24 are 
preferred. These sequences may be chosen from those disclosed herein, or may be 
15 derived from other allelic or heterospecific hbmoldgues enabled herein. When 
probing mRNA or screening cDl^A libraries, probes and primers from coding 
sequences (rather than introns) are preferably employed, and sequences which are 
omitted in alternative splice variants typically are avoided unless it is specifically 
desired to identify those variants. Allelic variants of me PS-mteracting protein genes 
20 may be expected to hybridke to me disclosed sequences under stringent hybridization 
conditions, as defined herein, whereas lower stringency may be employed tb ideritify 
heterospecific homologues. 

In another series of embodiments; the present invention provides for 
isolated nucleic acids which include subsets of the PS-interactirig protein sequences or 
25 their complements. As rioted above, such sequences will have utility as probes and 
PGR primers in the identification and isolation of allelic and homologous variants of 
the PS-interacting protein genes. Subsequences corresponding to polymorphic 
regions of the PS-interacting proteins, will also have particular utility in screening 
arid/or genotyping individuals for diagnostic purposes, as described below. In 
30 addition, and also as described below, such subsets will have utility for encoding (1) 
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wluch emprise functional don*, of u, e ps-in^ngpro,^ fot m in bindi 

of the PS-uueracttag proteins l0 ot ^ ^ 
, F P al, K suc„ subse* may ^do or^^co^^^,— . ..^ 
wluchcan hybrid to the PS-tatenttting pmtangchosorPS-i^^p^ 
. ; mRNA »ansc„p« under physiologies! condition to inhibit the Ascription or 

P^tnyention provide, nucldc^d^ 

gene, whtch B, have lengths varying Son, 8- 10 nucleotides (eg., for use as PCR 
^^^^ ; ^ 

, Thus, the presen, to venti 0 „ ^ ^ 

15 corresponding to a, least 8-10, preferably 15. and more preferably at leas. 20 ; 
. . ^Svenucleoa^^^ 

. : : .: nay be useful with different technologies. .. : ' 

^^toeim^^yr^^^ Using the present disclosure 

■ P*»*y mu in the*, is now enrtled io Con. Ae ^and/or J. endog^ reguU^ 
25 regions of any of the disclosed PS-inu^cting protein genes. Similarly, allelic 
vanantsof these endogenous regulatory regions, as Well as endogenous regulatory 
reg,„ns iron, other mammalian honiologues, are similarly enabled without undue 
^erhnenution. Alternative*, exogenous reguhuory regions (i,.. reguhlorv regions 

^^^'-specincge.teorahe^specificregu^region.rnaybe 
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expression. Appropriate 5' regulatory regions will include promoter elements and 
may also include additional elements such as operator or enhancer sequences, 
ribosome binding sequences, RNA capping sequences, and the like. The regulatory 
region may be selected from sequences that control the expression of genes of 
5 prokaryotic or eukaryotic cells, their viruses, anil combinations thereof. Such 

regulatory regions include, but are not limited to, the lac system, the trp system, the 
tac system, and the ^ syrtem; major operator and promoter regions of phage X; the 
control region of the fd coat protein; early and late promoters of SV40; promoters 
derived from polyoma, adenovirus, retrovirus, baciilovirus, and siiman virus; 3- 
10 • Phosphoglycerate kinase promoter, yeast acid phosphatase promoters; yeast alpha- 
- mating fectors; promoter elements of other eukaryotic genes expressed in nburons or 
other cell types; and combinations thereof. In particular, regulatory elements may be 

for controlled and/pr mampulable express PS-interacting protem genes in 

15 cells trahsfonned with mese; nucleic acids, Alternatively, to^ 

coding regions may^e ^ elements which provide for ■ 

: tiKu e specific expression m^r^^ Such constructs are particularly 

S for ^ P rodu ctibn of transgenic organisms to cause expression of the PSr 
interacting protein genes only in appropriate tissues. The choice of appropriate 
20 P re^latory^ ^ ^ — 

and the iwpmbinant use of many ^ such reg^atpry regions is now established in the art. 

In another series of embodiments, me present W 
isolated nucleic acids encoding all or a portion of me PS-interactihg proteins in the 
form of a fusion protein, in these embodiments, a nucleic acid regulatory region 

S (endogenous or exogenous) is operably joined to a first coding region which is 
covalently joined in-frame to a second coding region. The second coding region 
optionally may be covalently joined to one or more additional coding regions and the 
last coding region is joined to a termination codon and, optionally, appropriate 3' 
regulatory regions (e.g:, polyadenyiation signals), the PS-interacting protein 

0 sequences of the fusion protein may represent the first, second, or any additi nal 
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coding regions. The PS-imeracting protein sequences may be conserved or non- ' 
conserved domains and can be placed in any coding region of the fusion. The non- 
PS-interacting protein sequences of the fusion may be chosen according to the needs 

5 non-PS-interactingprotem ^tags- such 

as antigenic dete^inants or ^poly^His tags which may^ 

Wentificationorpurificari^ ^tematively, the noh- 

PS-interacting protein coding region may encode a large protein or protein fragment, 
such as an en^e orbii^g|rptein assist in-me identification and 

10 purification of ^protein, or whichmay be useful in an assay such as those described 
^^ J*"*™^ ^nternplated fusion proteins include poly-His and GST • 
(glutathione S-tratefer^ usefufin isolating and purifying the 

presemlms-inteiactmg proteins, and the yeast two hybrid fusions, described below, 
wmch are useful in assays to identify pm* proteins which bind to or uiterabt wiui ihe 
15 PS-mteractmg proteins. 

Inanother 
nuc^c acidsin^ 

reporter gene (e.g., P-galactpsidase, luciferase) is operably joined to the 5' regulatory 
region of a PS,mteractmg protein gene such th^ expr^sion pf the marker gene is 
20 imderthe^of^ 

regulatory regions ermbled herein, including regulatory regions from human and other 
mammalian species, one of ordinary skill in the art is now enabled to produce such 
constructs, As discussed more fully below, such isolated nucleic acids may be used to 
produce cells, cell lines or ^transgenic annals which are ^ ^ 

5 compounds which can, directly or indirectly, differentially affect the expression of the 
PS-interacting proteins. 

Finally, the isolated nucleic acids of the present invention include any of 
the above described sequences when included in vectors. Appropriate vectors include 
cloning vectors and expression vectors of all types, including plasmids, phagemids 
cosmids. episomes, and the like, as well as integration vectors. The vectors may also 
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include various marker genes (e;g., ^tibiotic resistance or susceptibility; genes) which 
■ are useful in identifying cells successfully transformed therewith. In addition, the 
; vectors may include regulatory sequences to which the nucleic acids of the invention 

5 acids of the mveiition, when appropriately ligated into the vector, are expressed as 
fusion proteins. Such vectors may a|sp include vectors for use in yeast "rwo^ybrid;'' 
baculovirus, and phage^lisplay systems. The vectors may be chosen to be useful fo^ 
prokaryotici eukaiyotic or viral expression, as ne^ dreired for the particular 
application^ vectors with the < 

10 SV40 promoter (e g,, P SV2), or 

be useful for transection of mammalian cells mcludmgheurpns in culrure orin vivo: 
and the baculovirus ;^tore ma£be used in affecting jnsecl cells (e,g., bufterfly 
cells). A great variety of different vectors are now commercially available and 
ofterwise known in m within the 

15 ability and discretion of one of ordinary skall in the art 

: 2- Substantially Pure Proteins 

the present mvention p^ 
PSiinteracting prpteiM,:fragments of me PS-interacting proteins, and fusion proteins 
mcludihg me PS-ihteractmg proteins or fragmrats thereof The proteins,^agment^ 
and f^ions have utiiityyas described herein^ in the generation of anti^ to normal i 
and mutant PS-interacting Droteins. in the identifir^tinn n f nm ».«. «. i.. 



30 



----- : *• ^i-? yi.wic gciicraupn oi amiDotues tonpfni 

and mutant PS-interacting proteins, in the identification of proteins (aside from the 
preseniiins) which bind to the PS-mteracting proteins, and in diagnostic and 
therapeutic methods. Therefore, depending upon the intended use, the present 
25 invention provides substantially pure proteins or peptides comprising amino acid 
sequences which are subsequences of the complete PS-interacting proteins and which 
may have lengths varying from 4-10 amino acids (e.g., for use as immunogens), or 10- 
100 amino acids (e.g ? , for use in binding assays), to the complete PS-interacting 
proteins. Thus, the present invention provides substantially pure proteins or peptides 
comprising sequences corresponding to at least 4-5, preferably 6-10, and more 
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disclosed or otherwise enabled herein. 

The proteins or peptides of the invention may be isolated and purified by 

^-^.-frm^toKim^vn^u^ fio m , 

ftePS-mteractingprotein, fusion protein, or fragment thereof, may be purified from 
^^n^ortra^fec^ 

systems such as *>^^^<i^^ eUtay6ffi: 
^onsyste^as™ 

. . . CA, which is inducible- 

orprokaryotfc expression v 

theeventte meproteinor fi^infcgrates^ 
-.usjon bodies wito^ 

be punfied from whole lysed ceUs or from solubilized illusion bodies 
HP^LG.s.ze.exclusionHPLC.M^^ 

hyd^hobicto^^^ ' 

25 ' aWeWWP ^ b ^ oniK ™'«^wdgh,cha«epro^rti« 

hydrophobicity. 

APS - ta ^»SP™e^ 
punfied by creating a fusion protein including the desired PS-mt^,,^ 
sem.encefused to aether peptide such as an antigenic determinant or po.y-His tag 
(e.g., QIAexpress vectors, QIAGEN Corp., Chaisworth, CA), or a larger protein (e g 
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25 



GST using the pGEX-2 7 vector (Amrad, USA) or green fluorescent protein using the 
Green Lantern vector (GIBGO/BRL. Gaithersburg, MD). the fusion protein may be 
expressed and recovered from prokarybtic or eukaryotic cells and purified by any 
standard method based upon the fusion vector sequence. For example, the fusion 
protein may be purified by im^ 

to thenon-PS-interacting protein portion of the fusion or, in the caie of a polyps tag, 
by affinity binding to a mckel column. The desired PS-interactirig protein or fragment 
may men be further purified from the fusion protein by enzymatic cleavage of the 
fusion protein. Methods for preparing and using such fusion constructs for the 
purification of proteins are well known in the art and several kits are commercially 
available for this purpose. In light of the present disclosure, one is now enabled to 
employ such fusion constructs with the PSrinteracting proteins. 

3. Antibodies to the PS-i^teracrinp Pmteinc 

The present invention also provides antibodies, and methods of making 
antibodies, which selectively bind to the PS-interacting proteins or fragments thereof. 
Of particular importance, by identifying the PS-interacting domains of the PS- 
interacting proteins, and methods of identifying mutant forms of the PS-interacting 
proteins associated wim Alzheimer's Disease, the present invention provides 
antibodies, and method? of making antibodies, >hich will selectively bind to and, 
thereby, identify and/or distinguish normal and mutant (i.e ; pathogenic) forms of the 
PS-interacting proteins. The antibodies of the invention have utility as laboratory 
reagents for, inter alia , iriuriunoaffinity purification of the PS-interacting proteins, 
Western blotting to identify cells or tissues expressing the PS-interactihg proteins, and 
immunocytochemistry or iirmiunoflubrescence techniques to establish the subcellular 
location of the proteins. In addition, as described below, the antibodies of the 
invention may be used as diagnostics tools to identify carriers of AD-related PS- 
interacting protein alleles, or as therapeutic tools to selectively bind and inhibit 
pathogenic forms of the PS-interacting proteins in vivo . 
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The antibodies of the invention may be generated using the entire PS- 

. for exampie, «0«in„ ^^S^^^^ 

10, domain, identified &%WtW^^ii^ wlow) fe ^ 
for punfication or identification of PS-inteiactiiig proteins. 

yy ^^ntoaM,,, express^ or. for to i&n^gen* by cheiieal pepUde ~Z : ^ 

y^ 

y^gapeptide^ 

7"° ° f ' disclosed orothowise enabled ^ 

: fc*W Mrt te^ <tItloi< ^ Therefore, any PS- 

.n,^gp rotei „ derived seoue.ces.hich are en^ioyed to gene*,* antibodies to * 

be -a* 1 "^"'^ W**-^*,.*^ or ^ 

^^■^en*,™,^^ 
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fragments listed above, as well as humanized antib dies based upon ndn-humain 
antibodies to the PS-interactihg proteins. In light of the present disclosure, as well as 
the characterizatioh of other PS-interacting proteins enabled herein, one of ordinary 
skill in the art may produce the above-described antibodies by anypf a variety of 
5 standi meaiis well known m the art. For an overview of antibody techniques, see 
Antibody Engirieering: A Practical Guide: R^h^i- *A w tf 'fei^^-ft 
Company, NY (1 992), or Antibody Ehgineerinp> 2nd Ed., Bofrebaek, ecL, Cocford 
University Press, Oxford (1995). 

v^^: ; A 

10 immunizing a mouse, rabbity goat or omer suitable animal wim me PS^interacting 
protem immunogeh in a suitable carrier To increase the immunogehicity of the 
preparation Ihe i coupled to a carrier protein or mixed with an ; 

^uyant (egvFreu^ Booster injections, although not necessary are 

recommended. After an appropriate period to allow for the development of a humoral 

15 response, preferably severd weeks, me animals may be bl^ may be 

purified to isolate the immunoglobulin component 

Similarly, as a general matter, monoclonal anti-PS-interacting protein 
antibodies may be produced by first injecting a mouse, rabbit, goat or other suitable 
ammal with a PSTmteracting protein iinmuhdgeh ih a suitable carrier. As above, 

20 earner prpteiiB or adjuv^ be utilized and booster injections (e.g., bi- or tri- 
weekly oyer 8^ 10 weeks) are r^ After allowing for development of a 

humoral response, the ammal 

resuspended in, for example, phosphate buffered saline (PBS). The spleen cells serve 
as a source of lymphocytes, some bfwhichare producing antibody of the appropriate 

25 specificity. These cells are men msed wim an immortalized cell line (e.g., myeloma), 
and the products of the fusion are plated into a number of tissue culture wells in the 
presence of a selective ageni such as HAT. The wells are serially screened and 
replated, each time selecting cells making useful antibody. Typically, several 
screening and replating procedures are carried out until over 90% of the wells contain 

30 single clones which are positive for antibody production. Monoclonal antibodies 
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^^y-mgProtei^^ 
variations and combinations of these techniques. 

con^dsprin^ 

•blotto liposomes i^^^Bfi^ ^^^^^ 

a specific tissue location, 

10 4 - Transferal r.ni;.,-, 

v.. ; ^?^<*«^^ 

•hep^enrmvenBp^^ 

th«p^ iovwtfoDfe ^^ 
.; jostle and therapy »ss»ys. In particular, „ is ft „ M||s co . 

; : ^^^^ 

■"^.^n^an,^ 
^msaeeHngforc^^whi*^ 

between^dpmai*. ^tt*^^,^ 

25 * ' .^specific PS-^^ ^ ot 

25 co-trar^fcrmtiaon and homologous ^mbination to i„«,duce a similaHy 

hce^specific Paring domain of a Ftt^,*^^, 

PS - to,OTCti " 8 *» better mode! system 

Wormed with o„y PS-interacting sequences will, of course, have utility of their 
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own for studying the role of these proteins in the etiology of AD, and also as 
precursors for presenilin co-ti^formed cells. 

: As used herein, the term "transformed cell" is intended to embrace any 
cell; or the descendant of any cell, into which has been introduced any of the nucleic 
5 acids of the invention, whether by transfomiauon, transfection, infection, or other 
means , Methods of producing appropriate vectors, nrafonning cells with thdse 
vectors, Md id^ ^ and are only briefly 

reviewed here (see, for example, Sambrook et al. ( l 989) Molecular Cloning- a 
I^oratorY Maqualv 2nd ed;, ^ Cold Spring K y 

10 Harbbrv l^ew York), 

Prokaryotic cells useful for producing the transformed cells of the 
ihvehtioh mclude memb^ of the bacterial genera Escherichia Ye.g.. E. coli). : 
Pseudomonas (e,g.. P. aeruginosa), and bacillus (e.g.. B subtillus . B. 
stearothermophilus), as well as many others well known and frequenUy used in the 
15 art. Prokaryotic cells are particuiariy use&l for the praiuctibh of large quantities of 
the proteins or peptides pfme invention (e.g!, normal or m 
.; P roteins ' fragments of the PS-interacting proteins, fusion proteins of the PS- 
interacting proteins); Bacterial cells (e^E^c^ be used with a variety of 
expression vector systems including, for example, piasmids with the T7 RNA 
20 polymeraseypromotersyst^ barteribphage ft i^la^ se^ences,,or Ml 3 Phage 
ihGPI-2. Bacterid hosted vectors which 

create, for example, lacZ, trpE, maltose-binding protein, poly-His tags, or glutathione- 
s-transferase fusion proteins. All of these, as well as many other prokaryotic 
expression systems, are well known in the art and widely available commercially 
25 (e.g., pGEX-27 (Amrad, USA) for GST fusions); 

Eukaryotic cells and cell lines usefulfor producmg the h 
the invention include mammalian cells and cell lines (e.g., PC12, COS, CHO, 
fibroblasts, myelomas, neuroblastomas, hybridorrias, human embryonic kidney 293, 
oocytes, embryonic stem cells), insect cells lines (e.g., using baculovirus vectors such 
as pPbac or pMbac (Stratagene, La Jolla, CA)), yeast (e.g., using yeast expression 
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./:. v ;^.^*P^flW^^^^ Eukaryotic cells are 

.. «*«ons*so^ ^ 

;W^°*Weinf^^^ 
therapeutics preferably employ transformed eukaryotic cells. 

„ To accomplish expression in eukaryotic cells, a wide variety of vector 

demented often derived iron, CMV or S V4 9 viral genes, alihou^i otfcshW 

active*,^ 

denved from exogenous viral gene seouences or from other eukaryotic genes « 
_-. ^'Utt constructs, ^ciAnon^ng. spliceabler^rons and axons " 



20 These expression systems are commonly available (rom commercial 



sources and are 



25 



0 



^.firtbyvec^rssuehaspcDNAa^ 
Innumerable eon^al^^ 

■nteracung p ro ,ei„ transcript in more or less any desned cel, type, eitherconstitutively 
orafte, exposure to a cemin exogenous stimulus (e*. vWthdrawa. of ,e,racyc,i„e or 

exposure to BPTG). 

Mnsfection, strontium phosphate transfection, DEAE dextran transaction 
decrroporation, lipofection <e.g„ Dosper Liposoma, nansfection rea ral , Boehri „ ser 
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' Mannheim, Gemiany), micro^ect^ micro^eads, protoplast 

fusion or. for viral or phage vectors, by infection with the recombinant virus or phage, 

5. Transgenic Animal Models 

, 5 The present invention also provides for the production of transgenic non- 

human animal modeIs;m 

are expressed, or in which the PS-interacting protein genes have been inactivated 
(e.g„ "^ck-out^ deletions), for the study of Alzheimer's Disease, for the screening of 
candidate pharmaceutical compounds, for the creation bf explanted mammalian CNS 
10 cell cultures (e g., neuronal, glial, organotypic or mixed cell cultures), and for the 
evaluation ofpotential merapeutic interventions. Prior to the present invention, a 
partial animal model for Alzheimer's Disease existed via the insertion and over 
expression of a mutant form of the human amyloid precursor protein gene as a 
minigene under the regulation of the platelet-deri ved growth factor p receptor 
15 promoter element (Games et al., 1995). This mutant (p*APP 7I7 Val-»Ile) causes the 
appearance of synaptic pathology and amyloid p peptide deposition in the brain of 
transgenic animals bearing this transgene in high copy number. These changes in the 
brain of the transgenic animal are very similar to that seen in human AD (Games et 
al., 1995). It is, however, as yet unclear whether these animals become demented, but 
20 thei * is general cbrisensus to is now possible to recreate at least some aspects of 
AD in mice. In addition, transgenic animal models in which the presenilin genes are 
genetically engineered are disclosed in PCT Publication WO96/34099; These 
transgenic animal models have been shown to have altered AP production and altered 
hippocampus-dependent memory function. 
25 Animal species suitable for use in the animal models of the present 

invention include, but are not limited to, rats, mice, hamsters, guinea pigs, rabbits, 
dogs, cats, goats, sheep, pigs, and non-human primates (e.g., Rhesus monkeys, 
chimpanzees). For initial studies, transgenic rodents (e.g., mice) may be preferred due 
to their relative ease of maintenance and shorter life spans. However, transgenic yeast 
30 or invertebrates (e.g., nematodes, insects) may be preferred for some studies because 
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they will allow fo 

invertebrates bearing mutant PS^ 

interacting protein transgenes) which cause a rapidly occurring and easily scored 
phenotype (e r g., abnormal yiilva or eye development after several days) can be used £ 
5 screens for drugs which block the effect of the mutant gene. Such invertebrates may - 
prove far more rapid and efficient for mass screenings than larger vertebrate animals. 
Once lead compounds are found through such screens, they may be tested in higher 
animals such a rodents. Ultimately, trar^gemc nori-humah primates 
for longer terrn studies due to their greater similarity to humans and their higher ■ 
10 cognitive abilities; 

Using the nucleic acids disclosed and otherwise enabled herein, there are 
now several available approaches for the creation of a transgenic animal model for 
Alzheimer's Disease, Thus, the enabled animal models include: (I ) Animals in which 
sequences encoding at least a functional domain of a normal human PS-ihteracting 
protein gene have been recombinantly introduced into the genome of me animal as m 
additional gene, under the regulation of either an exogenous or an endogenous 
prompter element, and as either a minigene or a large genomic fragment; in which , 
sequences encoding at least a functional domain of a normal human PS-interacting 
protein gene have been i^bimmtly sub^^^ copies of the 

ammal's homologous PS-mteracting protein gene by homologous recombination or 
ge^ta^eting;a^ 

PS-interacting protein genes have been recombinantly "humanized" by the partial 
substim% 0 f sequences encoding the human homologue by homoiogbus 
recombination or gene targeting. These animals are useful for evaluating the effects 
of the transgenic procedures, and the effects of the introduction or substitution of a 
human or humanized PS-interacting protein gene. (2) Animals in which sequences 
encoding at least a functional domain of a mutant (i.e., pathogenic) human PS- 
interactmg protein gene have been recombinantly introduced into the genome of the 
animal as an additional gene, under the regulation of either an exogenous or an 
endogenous promoter element, and as either a minigene or a large genomic fragment; 



WO 97/27296 



PCT/CA97/00051 



-40- 



in which sequences encoding at least a functional domain of a mutant human PS- 
interacting protein gene have been recombinahtly substituted for one or both copies of 
the animal's hpmologous PS-interacting prptem homologous recombination 

or gene targeting; anoVor in which one or both copies o f one of the animal's 
5 homologous PS-interacung protein genes have been recombmantly ''humam^ 
me partial substitution of sequences encoding a mutof human homologue by 
homologous recombination or gene targeting. These animals are useful as models 
which^ill display some or all o^the characteristics^ whether at Ae biochemical, 
' Pnysiclpgical anaVor^ or more alleles which 

10 arepamoge^ 

me PS,mt«acting protein genes. (3) AiumaJs in which sequences encoding at least a : 
functional domain of a mutant version of one of that animal's PS.interactirig protein 
genes (bearing, for example, a speafic muta^tion correspon similar to, one 

of the pathogenic mutations of the human PS.interacting proteins) have been 
15 recombinanUy introduced into the genome ofme aiumal as an additional gene, under 
the regulation of either an exogenous or an endogenous promoter element, and as 
either a niinigene or a large genonuc and/or in which sequences encoding at 

least a functional domain of a mutent version of one of that animal's PS-interacting 
protein genes (bearing, for example, a specific mutation corresponding to, or similar : 
20 to, one of me pathogenic mutations of the himan PS-mteractmg prb^ have been 
recombh?antly substituted for one or both copies of the ammal's homologous PS- 
interacting protein gene by homologous recombination or gene targeting. These 
animals are also useful as models which will display some or all of the characteristics, 
whether at the biochemical, physiological and/or behavioral level, of humans carrying 
25 one or more alleles which are pathogenic of Alzheimer's Disease. (4) "Knock-out" 
animals in which one or both copies of one of the animal's PS-interacting protein 
genes have been partially or completely deleted by homologous recombination or 
gene targeting, or have been inactivated by the insertion or substitution by 
homologous recombination or gene targeting of exogenous sequences (e.g., stop 
30 codons, lox p sites). Such animals are useful models to study the effects which loss of 
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PS«„g P rs« g^ expr^onftaymve, ,o evataaee wheiher lras of ^ 

elucidating such multigenic interactions. 
! X *• •*»»» ,o transgenic animal models in which ^ of one „ . 

* mo * M -^«p™#^ ; 

?5 annna* wiU ti*.^ be c.sscd ^ ^ ^ , v „ f 

^orn.u^p^^^p^^^^^^^^^ 

Jrr? ?* ^ muB,ions in *• presH,i,tas ,ha — • - w <- — i» 

of ^™e,sDis^a^ oro ^ djsordersaswell(eg othw 

imeHcu*,. n^ogical orp^ologica, disoidera such as ccebra, hemo^age 
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schizophrenia, depression^ mental retardation and epilepsy); Therefore, transgenic 
animal models bearing normal or mutant sequences corresponding to the PS- 
interactmg proteins, absent transformation with any presenilin, APP or ApoE 
s «l uenc es. will have utility of their own in the study of such^sorders. 

As detailed below^ preferred choices for transgenic animal models 
: :to^wth^-ihto^ or doimains of PiS-mteracting proteins, 

include those transformed with normal or mutant sequences corresponding to the 
clones identified and described in Example 1 and disclosed in SEQ ib Sids: 1-12. 
: Th^ with normal ormutantPSl TM6-^T loop domains, were 

10 identified according to me mem^^^ and PCT 

Publication WO96/34099. These clones, longer nucleic acid sequences comprising 
these clones, and other clones identified i^Mng to tWs aiid other methods of the 
invention (e.g^ allelic and splice variants or hetero^ 
clones) may all be employed m accordance wto 
15 animal models which, with or without (^teahsforrhatidn with presenilin, APP arid/or 
ApoE sequences, will have utility in the study of Alzheime^s Disease and/or other 
cognitive, mtellectual, neurological or psychological disorders. 

Thus, using me msclosetf and otherwise ehabled hereiiji bhe 

of ordinary skill in the art may now produce any of me following types of transgenic 
20 ; animal models with altered PS^ihteractihg protein egression: (1) Animals in which 
sequences encoding at least a runctipnal domain of normal hiuiian PS-interacting 
protein gene have been recombinantly introduced into megenomeof weanimal as an 
additional gene, under the regulation of either an exogenous or an endogenous 
promoter element, and as either a minigene or a large genomic fragment; in which 
25 sequences encoding at least a functional domain of a normal human PS-interacting 
protein gene have been recombinantly substituted for one or both copies of the 
animal's h mologous PS-interacting protein gene by homologous recombination or 
gene targeting; and/or in which one or both copies of one of the animal's homologous 
PS-interacting protein genes have been recombinantly "humanized" by the partial 
30 substitution of sequences encoding the human homologue by homologous 
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recornbmanon or gene targeting. These animals are particularly useful for providing 
transgenic models which express human PS-interacting proteins as well as human 
presemlin protein, They are also useful in evaluating the effects of the transgenic 
procedures, and the effects of the introduction or substitution of a human or 
5 humanizedPS-interactingproteingene. (2) Animals in which sequences encoding at 
least a functional domain of a mutant (i.e., pathogenic) human PS-interacting protein 
gene have been recombinantly introduced into the genome of the animal as an 
ad dl tional gene, under the regulation of either an exogenous or an endogenous 
P^terel^ 

» sequences encoding at least a functional domain of a mutant human PS-interacting 
protem gene have been recombinantly substituted for one or both copies of the 
anJmarshomologousPS-interactingprote^ 

gene targeting; and/or in which one or both copies of one of me animal 's homologous 
PS-mteractmg protein genes have been recombinantly "humanized" by the partial 
substi tution of sequences encoding a mutant human homologue by homologous 
recombination or gene targeting. These animals are useful as models which will 
d.splay some or all of the characteristics, whether at the biochemical, physiological 
and/or behavioral level, of humans carrying one or more alleles which are pathogenic 
of Alzheimer's Disease or other diseases associated with mutations in these PS- 
mteracting genes. (3) A^.iHrielr^^^,^ 
domam of a mutant version of one of that animal's PS-interacting protein genes 
(bearing, for example, a specific mutation corresponding to, or similar to, one of the 
pathogenic mutations of the human PS-interacting proteins) have been recombinantly 
mtroduced into the genome of the animal as an additional gene, under the regulation 
of etther an exogenous or an endogenous promoter element, and as either a minigene 
or a large genomic fragment; and/or in which sequences encoding at least a functional 
domam of a mutant version of one of that animal's PS-interacting protein genes 
(beanng, for example, a specific mutation corresponding to, or similar to, one of the 
pathogenic mutations of the humans PS-interacting proteins) have been recombinantly 
subsmuted for one or both copies 0 f me ^ homologous pg^^ ^ 
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gene by homologous recombination or gene targeting. These animals are also useful 
as models which will display some or all of the characteristics, whether at the 
v bipchemical, physio^ 

alleles which are pa&ogenic of Alzheimer's Disease,; (4) •'Knpck^utf ammals in 
5 which one or both copies of one of the ammal's PS^ 

: ; ; beehp^jyorc^^ of gene targeting, 

or have been inactivated by the insertion or subsutotion by homologous 
recombination or gene targeting of exogenous sequ^ | p x p 

sites); Such animals are useful models to study the effects which loss of PS- 
10 interacting protein gene expression^^^^ 

preferable to continued expression; and to examme whemef other genes can be . : . 
recrmied to replace a rmuant ^ PS^h^cting protein or to iritovehe with the effecis of 
omer genes (e ig ., APP or Apoi) <»usmg AI^ m a treatment for AD or other disorders^ 
For example, a nonnai^ K 
15 mutant PS1.PS2 or ^ therefore, ^ 

transgenic interacting proto 
multigenic interactions. 

In some preferred embodiments, transgenic amm 
which just the PS-interarting domains of the PS-mteractmg proteins are introduced 
info % genome of tiie arumal by hpmplbgpus rero for example, 

preferred embpdments include animals in which the PS-ihteracting 

domains of PS-interacting proteins are "humanized" by homologous recombination 
with sequences from humm these animals may then be bred 

with transgenics in which normal or mutant presenilin sequences have been 
introduced: The progeny of these animals, having both human presenilin and human 
PS-interacting protein sequences, will provide improved animal models for 
Alzheimer's Disease. 

To create an animal model (e.g., a transgenic mouse), a normal or mutant 
PS-interacting gene (e.g., normal or mutant S5a, GT24, p0071 , Rab 1 1 , etc.), or a 
normal or mutant version of a recombinant nucleic acid encoding at least a functional 
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«ib may be employed. Anitr^ prcJiKed by these m ™, t 
toas'Wi- ^ """"y'^orsKn'lar processes « refnraf 

^ " Veb ° m W ^ysis of DNA ,e. g 

of winch wtll lead to gcmlim ™s, S ome 

25 gene transfer cells to identify the nm- u.... ^enmgoi 
. ™ ,,y "' erarehonio lo80"sreco 1 iu.ination events. Once 

^ 0mbm ^ line. This m eth do . 

, . . _ »gy is especially useful if inactivation of a eene is 

desired. For example, inactivation of a*K*i~ • • 
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flankmg a selectable marker. Homologous recombination leads to the c f the 

marker sequences in me rniddle : of the coding region, causing inactivation of the S5a 
gene and/or deletion of mternal sequent DNA analysis of indi vidual clones can 
thenbeuse^ 

5 , The techniques of ^ 

. fbrhdmblpgousrecomb^ : 
practiced/ A laboratory manual ^ ^ 

example, is available detaiUng standard laboratory techniques for the production of 
: transgenic mice (Hpgan et al:, 1986): To create a transgene, the target sequence of v A 
10 interest^:, normal or mutant presenilin sequences, normal or mutant PS-interacting: 
protein sequences) are typically ligated into a cloning site located dov^tream bf 
some promoter element which will regulate the expression of RNA ftom the 
sequence: Downstream of the coding sequence, there is typically an artificial 
polyadenylatibn sequence, mmetnmsg^ 
15 successfully create animals which miihicasp^ 

neurodegenerative diseases, the most successml promoter element been the 
platelet-derived growm factor 

protein gene promoter, although other promoter elements which direct expression in 
central nervous system cells would also be useful. An alternate approach to creating a 
20 traiisgene is to use an en^oge^us^resenilih or PS-ihteractihg protein promoter 
and regulatory sequences to drive expression pf the transgene; Finally, it is possible 
to create transgenes using large genomic DNA fragments such as YACs which 
contain me^tire desired g^ Such 

constructs have been successfully used to drive human APP expression in transgenic 
25 mice (Lamb et al, 1993). 

Animal models can also be created by targeting the endogenous presenilin 
or PS-interacting protein gene in order to alter me endogenous sequence by 
homologous recombination. These targeting events can have the effect of removing 
endogenous sequence (knock-out) or altering the endogenous sequence to create an 
0 amino acid change associated with human disease or an otherwise abnormal sequence 
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(e.g 7 a sequence which isimore like the human sequence than the original animal : 
sequence) (knockrin animal models). A large number of vecton are available to 
accomplish this and appropriate sources of genormc DNA for mouse and other animal 
genomes to be targeted are commercially available from companies such as 
5 GenomeSystemsInc. (St. ^uis, Missp^,USA) ; VThe typical feature of these \ ^ 
targetmg vector c^nstnacte 

selectable marker (e.g., a bacterial neomycin resistance gene under its own promoter 
element termed a Neomycin cassette''): A second DNA fragment from the gene of 

10 selectable marker X^.-^y«ri^ kb,^^ :i n^NA;fi^^'^.i^.^ fi^" 
mutant sequences can be introduced into the gexm line "-of ^me targeted animal by 

mcluded in the vector. Alternatively, the sequences can be chosen to cause deletion of 
sequences that would normally reside betwe^e left and right Ss of me vector : 
15 surrounding the neomycin cassette: ^fonneris^ 

know!, as a knock-out. Again, innumerable model systems have been created, 
particularly for targeted loiock-outs of g^ ' 
neurodegenerative diseasei^^ deletions of the murine APP gene by Zheng 

20 human CNS degeneration by Bueleret ah, 1^ 

Finally, equivalents of transgenic ammals, including animals with mutated 
or mactwated presenilin ge^, or mutated or inactivated PS-interacting protein genes 
may be produced t^ingcheimcal or X-ray mutag^^^^ ,; 
fertthzation. Using the isolated nucleic acids disclosed or omerwise enabled herein 

Southern blotting to demonstrate loss of one allele by dosage. 
Assa YS fal>niw Which Aff^t pc, aflurPmrrin 
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In another series of embodiments, the present invention provides assays for 
identifying small molecules or other compounds which are capable of inducing or 
; inhibiting the expression of the PS-interacting genes and proteins (e.g., S5a or GT24). 

5 lines, or recombinant cell lines, or in vivo using the transgenic animal models enabled 
herein. • • .• . : - 

In particular, the assays may detect the pres^ of increase or decreased 
expressionpf S5a, GT74, p0071, 0 „ : 

basis of increased or decreased^ 
10 . probes disclosed and enabled here^ 

proteins (using, e.g., foe a^ antibodies; disclosed and enabled 

herein), or; ^ levels of expression of a marker gene (eg:, P- " 

gdactosidaseorluciferase)operabl^ regulatory 
region in a recombinant construct. 

Thus, for example, one may 
interacting protem and atld to the cdtiu-e meium one or more test compouncis. After 
allowmg a sufficient period of tra^ the compound to induce or 

inhibit the expression of me PS-mteractmg protein, any change in levels of expression 
from an established baseline may be detected using any of die techniques described 
?0 above and well knpwnin the art fa p^cular}y preferred embom^ 
fromaninmor^ 

hybridoma cell line. Using the nucleic acid probes and /or antibodies disclosed and 
enabled herein, detection of changes in the expression of a PS-interacting protein, and 
thus identification of the compound as an imlucer or repressor ^PS-intmctihg 
25 protein expression, requires only routine experimentation. 

In particularly preferred embodiments, a recombinant assay is employed in 
which a reporter gene such a P-galactosiciase, green fluorescent protd 
phosphatase, or luciferase is operably joined to the 5' regulatory regions of a PS- 
interacting protein gene. Preferred vectors include the Green Lantern 1 vector 
(GIBCO/BRL, Gaithersburg, MD) and the Great EScAPe pSEAP vector (Clontech, 
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cloned by one of ordmary „ ta Hght of to ^ - 

regtonsftomthesegenes. Ite^^,^^^^— ^ 
^.(orme^oftte^ 

anyaffropnaSec,^ 

WB^^HIinjMUHb maybe grown in cuhure and, after 

10 ; beaddrf<o*emedium: ftMwSfS*^^^ 
P^v.de.forarapid.Ugb^ 
repressors of the PS-interacting protein gene. 

Compounds identified by this method will have potential utility in 
mod 1 fymgt h e« pr ^ raofte p s . jnt ^ g ^ tdn ^ rajajto ^ 

totdentttyt^cpmp^ 
^^^Wth^pectw^ 

development of phannaceutica.s by, tor example, ^ subjecting me eompounds to: 
» ~^c*ons ( mo,^^ 

in rational drug design. ; 

.opracttcenewScree^gnte^ogieswhichwmbeuseMto 
P™e,ns and other compounds whicn bind to , or otherwise directly interact with, the 
PS-mteructing proteins. ^ protems ffld ^ 
ce.lu.ar components, ^ ^ „„ ^ ^ ^ ^ 

^-^a-dwhich.U.erefore.providenew^forpharmaceuUcala.d 
-herapeut* mterventions, as Well as recombinant, synthetic and otherwise 
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compounds which may have PS^ihteracting protein binding capacity and, therefore, ! 
may be candid^ for pharmaceutic 
cell l yS at« or tissue hpm^ 

lysates) may be screened &r proteins or other cbmppunds which bind to one of the 
normal cr imitant PS-imeracting ^tematiyely, any of a Variety of 

^g^mmms, both naturally occurring and^r synmetic ^ 
small molecules or peptides), may be screened for PS-interacting protein bindmg 
capacity. Small molecules are particular prefeired in this context because they are 
more readily absorbed aft^r oral adminis^ , 
determinants, and/or are more likely to cross the oippd brambarrier than larger : 
molecules such as nucleic acids or proteins, The methods of the present ^ invention are 
particularly useful in that they may be used to identify molecules which selectively or 
preferentiajly bind to a mutant form of a PS-interacting prptem (rather than a normal 
form) and, therefore, may have particular utility in treating cases of AD which arise 
15 from mutations in the PS^interacting proteins. 

Once identified by the methods described above, the candidate compounds 
may then be produced m (mahtitiM sufficientfo^^armaceuticar admimstratipti or ■ 
testing (e.g.^g or mg orj^er quantities), ^ in apharmaceutically 

acceptable carrier(see^ ^ , ,1 

20 Mack P^b , 1990). these candidate comppiinds may then be administered to the 

transformed cells of me invention, to the masgenic animal models of the invention, to 
cell lines derived from me animal models or from human patients, or to Alzheimer's 
patients. The animal models described and enabled herein are of particular utility in 
further testing candidate compounds which bind to normal or mutant PS-interacting 
5 proteins for their therapeutic efficacy. 

In addition, once identified by the methods described above, the candidate 
compounds may also serve as "lead compounds" in the design and development of 
new pharmaceuticals. For example, as in well known in the art, sequential 
modification of small molecules (e.g., amino acid residue replacement with peptides; 
functional group, replacement with peptide or non-peptide compounds) is a standard 
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Such deveK^,™,^,,,, p^eed, ii™, a cpipBou ^.. whicfc is 3^^. 
•""apeuuc activity and/or efficacy are identified. v 

d, ■ ■ 

v ^,c^ uait y be ^ ^ whjch j 

~™^a^ 

^ng domain, as described above, may be enjoyed eithWas separate 
o.d.ecuiesoraspanofaa.sionp^. For exarap.Mo isbiate or 

Thus* for S5a, GST-fiision peptides may be made including sequences corresponding 
appn.xnna.eiy .amino acids *»„ ofSEQ n> NO: 2 (inciuded in Cones ^ 
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and Y2H31, see Example 1), approximately to amino acids 206-377 of SEQ ID NO: 2 
(which includes protein-protein interaction motifs, see Ferrell et al., 1 996); or to any 
omer SSadomain of interest/ 

be produced includmg serene m 

5 815 of SEQ ID NO: 4 (including part of the armadillo repeat segment). Obviously, 
: v^pus epmbmations ofnision 

are possible and these are merely examples. In addition, the 'm^^a&d^ 
be altered so as to aid in me assay by, for example, introducing into me functional ' . 
domam a reactive group s 

for example, the PS-mteracting domain of S5a may be s^mesiwd containing an 
Mditibnal C^enhinalicysteihe raidjie to facilitate inimoWUzation of the domain. 
Such peptides may be used to create an af^ty substrate for 

(Suifo^Iink; Pierce) to isolate binding proteim for microsequencing. Similarly, other ""■ 
15 Actional domain or antigenic fragments maybecreated with maufied [ residues (see, 
e.g., Example 4). 

The proteins or other compounds identified by mese membds may be 
purified and characten^ ^ 

may, for example, be purified and separated using electrophoretic (e.g., SDS-PAGE, 
20 2D PAGE) or chromatographic (e g,, m>LG) techniques and may then be 

microsequenced, For proteins with a blocked N-tenmnus, cleavage (eig:, by CNBr 
and/ornypsm) of me particular bmdng protein 

Further purification/characterization by HPLC and microsequencing andVor mass 
spectrometry by conventional memods provides internal sequence data on such 

25 blocked proteins. For non-protein compounds, standard organic chemical analysis 
techmques (e.g., IR, NMR and mass spectrometry; functional group analysis; X-ray 
crystallography) may be employed to determine meir stracrure and identic 

Methods for screening cellular lysates, tissue homogenates, or small 
molecule libraries for candidate PS-interaction protein-binding molecules are well 

30 known in the art and, in light of the present disclosure, may now be employed to 
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; ^entiry conipounds which bmd to ^ . : ; 

components or which modulate PS-interacting protein Vivify 
specific measures (e.g., changes in intracellular Ca", GT1>/GDP ratio) or by specific 
measures (e g., changes m Ap peptide production or changes in the expression of 

5 omerjlownstre^ genes which be monitored by differential display, 215 gel 
electrophoresis, differ^ 

mvplve variations on me fbllowm^^^^ 

chromatpgraphy; (2) co-isplation of PS-interactmgp^tem components and bound 
proteins pr other con^oimds by immunpprecipitation; (3) the Biomoiecuiar 
10 Interaction^Assay (BIAcpre); and (4); the yeasttwo-hybrid systems. These and others ' 
are discussed separately below. 

A. Affimtv Chromatography : 

In Hghl of the present disclosure, a variety of affinity binding techniques 
weirknown in the an may be employed to isolate proteins or omer compounds which ' 

5 °'"<<o»=PS-m.eracttagp^ In general a 

PS-mteracting protein component may be immobilized oh a substrate (e.g., a column 
or filter) and a solution including the test compound(s) is contacted with the PS- 
mteracting protein, fusion or fragment under conditions which Me permissive for 
bmdmg. He substrate is .hen washed win, a solution to remove unbound or weakly ' 

) bound moleMles. A second^ wash may mra 

bound to the immobilized normal or m«an. PS-interacnng protein component 
Altern^vely.meUacp^utKismayte 

or more PS-ntemoing protein components may be contacted win, the column filter 
oromersubstrate. ■^^mi^m^^ am ^ mv ^^ 
t«. compounds may be determined as above or a labeled form of the PS-in.eracnng 
pmtem componot, (e,g., , radio-labeled or chemiluminescen, functional domain) may 

be used » more rapidly ass^ binding toute substra^nnnobHized compound(s). 

B. Go-InimiinnpTvyj^t^ t i nn 

Another well characterized technique for the isolation ofPS-interacting 
protem components and their associated proteins or other compounds is direct 
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immunoprecipitation with antibodies. This procedure has been successfully used, for 
example, to isolate ir^y of the synaptic vesicle associated proteins (Phizicky and 
Fields, 1994). Thus, either normal or ^ 

protem components may be mixed in a solution with me candidate compound(s) 
5 under conditions which are permissive for bm^ PS-interacting protein 

compbnent may be irmiiunoprecipi^ Proteins or other compounds which co- 
immunoprecipitate with the PS-inti^cting protein component may then be identified 
by standard techniques as described above. General techniques for 
immunoprecipitation may be found in; for exam^ ,, 
10 Antibodies: A Laboratory Marina! n n fa Spnng Harbor, 

... NY.' ' • • • • 

The ahtibbdiw employed in this asi^y, as described and enabled herein, 
may be polyclonal or monoclonal; and include the various antibody fragments (e g., 
Fab, F(ab , ) 2 ,) as well^ 

15 C. The Biombleculart 

AnotJier useful method for the detection and isolation of binding proteins 
is the Biomolecular Interaction Assay or "BIAcore" system developed by Pharmacia 
Biosensor and described in me manufacturer's protocol (LKB Pharmacia, Sweden). In 
light of the present disclosure, one of ordiriary sldll in the art is now enabled to ; 

20 employ this system, or ^ subi^tiaj equivalent to identify proteins or other 

compounds haying PS-mteractm^ The BIAcore system uses 

an affinity purified anti-GST antibody to immobilize GST-fusion proteins onto a 
sensor chip. Obviously, other fusion proteins and corresponding antibodies may be 
substituted. The sensor utilizes surface plasmon resonance which is an optical 

25 phenomenon that detects changes in refractive indices. Ahombgenate of a tissue of 
interest is passed over the immobilized fusion protein and protein-protein interactions 
are registered as changes in the refractive index. This system can be used to 
determine the kinetics of binding and to assess whether any observed binding is of 
physiological relevance. 
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B. The Yeast Tw ^vfriH Sy ^pv 
Wo Alto, CA>. In lig n« of ^ disclosures ^ om rf on¥My ^ 

■ow enabu* to . variety of protejn ^ ^ ltafa- -:: 

proteins. ^ 
E. Other lUPthnHc . " ; . _ 
■ ^.'X , Tlenucleotide secure, md ^ ^ ^ ^ 

^'^*-n U c,eic^.„ d ,heir^^ 
30 ^^^^^^^^^^ 

^^^fc^onornorr^ 

other .n.e^gp^eins, * „ eilas feid^on^o^^^ 

S« othe, gaKswill „« idcnMed wifch ^ ftOTSelvesbs , hesiteofo 
nutations causing Alzheimer's Disease, or which can themselves be targeted 
• » »*« ^expression ,ev,is ,„ norrna,, or 10 

pharmacologically block the effects of their over-expression) as a potential treatment 
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for this disease. Specifically, these techniques rely on PCR-based and/or 
hybridization-based methods to identify genes which are differentially expressed 
between two conditions (a cell line expressing normal PS-interacting proteins 
compared to the same cell type expressing a mutant PS -interacting protein). These 
techniques include differential display, serial analysis of gene expression (SAGE), and 
mass-spectrpmetry of protein 2D-gels and subtractive hybridization (reviewed in 
Nowak, 1995 and Kahn, 1995). 

As will be obvious to one of ordinary skill in the art, there are numerous 
other methods of screening individual proteins or other compounds, as well as large 
libraries of proteins or other compounds (e.g., phage display libraries and cloning 
systems from Stratagene, La Joll* CA) to identify molecules which bind to normal or 
mutant PS-interacting protein components. All of these methods comprise the step of 
mixing a normal or mutant PS-interacting protein, fusion, or fragment with test 
compounds, allowing for binding (if any), and assaying for bound complexes. All 
such methods are now enabled by the present disclosure of substantially pure PS- 
interacting proteins, substantially pure PS-interacting functional domain fragments, 
PS-interacting protein fusion proteins, PS-interacting protein antibodies, and methods 
of making and using the same. 



20 8 - Disrupting PS-Interactinp Protein Intg rafftmnc 

The ability to disrupt specific interactions of the PS-interacting proteins 
with the presenilins, or with other proteins, is potentially of great therapeutic value, 
and will be important in understanding the etiology of AD and in identifying 
additional targets for therapy. The methods used to identify compounds which disrupt 
25 PS-interacting protein interactions may be applied equally well to interactions 
involving either normal or mutant PS-interacting proteins. 

Assays for compounds which can disrupt PS-interacting protein 
interactions may be performed by any of a variety of methods well known in the art. 
In essence, such assays will parallel those assays for identifying proteins and 
30 compounds with. binding activity toward the PS-interacting proteins. Thus, once a 



PCT/CA97/B0051 



■57- 



10 



15 



20 



25 



: compp^dwim 
:*^^^*m equivalent method Wo*^ 
canchdate compounds to identify compounds which disrupt the interaction. Thus for 
. example, the as^y may employ memo^ (2) 
> immunpprecipitation; (3); m Qr (4)me 

yeast two-hybrid systems. Such assays can ^developed using either normal or 
mutant purified PS-interacting proteins, and/or either normal or mutant purified 
binding proteins (e.g., normal or mutant presenilins). 

For affinity metopos, ^ 
partner may be affixed to a matrix, for example in a column, and the counterpart ^ 
protem (e. g ., me PS-interactmg protem 

affixed to the matrix; or a presenilin or other binding partner if the PS-interactihg 
protein is affixed to thematrix) is then exposed to the affixed protein/compound either 
before or after adding the candidate compound^). In the absence of a disruptive 
effect by the candidate compound(s), the interaction between the PS-ihteracting 
protein and its binding partner will cause the counterpart protein to bind to the affixed 
protein. Any compound which disrupts the interaction will cause release of the 
counterpart protein from the matrix . Release of the counterpart protein from the 
matrix can be measured using memods known in the art. 

For PS-interacting protein interactions which are detectable by yeast two- 
hybrid; systems, these assays may also be employed to identify compounds which 
d-srupt the interaction. Briefly, a PS-interacting protein and its binding partner (or 
appropriate statural domains of each) are employed in the fusion proteins of the 
system, and the cells are exposed to candidate compounds to determine their effect 
upon the expressionofthe reporter gene. By appropriate choice of a reporter gene 
such a system can be readily adapted for m *^u^ g oflarge libraries 
of compounds by, for example, using a reporter gene which confers resistance 
antibi tic which is present in the medium, or which riscues ah auxotrophic strain 
grown in minimal medium. 
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These assays may be used to screen many different types of compounds for 
their disruptive effect on the interactions of th For example/ 

the compounds may belong to 2rH molecules, or be specifically 

designed to disrupt the inter^tio ^e epmppunds may also peptides 
5 corresponding to the interacting domain of either protein. This type of assay can be 
used to identify cpmppMds ttot di^pt a specifib interaction betwd^ a gi ven PS- 
interacting ^ In addition, compounds that : 

dismpt allm^ may be identified. For example, a 

compoimd that specifically d^ 
*P expected to disrupt ^i intera 

Alternatively, this tj^ of dismption assay which 
^^Pt pnly ai^ or only a single ; 

^*S-inter^ting protein intwactipn; 

15 9 Methods of IdentiiVing Cbmpo^ Protein Activity 

In another series of embodiments, the pr^ent invention provides for 
methods of identifying compounds with the ability to modulate the activity of normal 
and mutant PS-interacting p^ used with respect to tlus series of 

embodiments, the tenh "activity** bipjuUy include ^ rad protein e^^^ 

20 inter^ngprotein pps^ 

downstream affects of any of these. It is known that Alzheimer's Disease is associated 
; with increased production of the long form of A(J peptides, the appearance of amyloid 
plaques and riieurbfibrilla^ tangles, decreases in cog^tive function, and apbptbtic bell 
25 death; Therefore, using the Md transgenic animal models of the 

present invention, cells obtained from subjects bearing normal or mutant PS- 
interacting protein genes, or animals or human subjects bearing naturally occurring 
normal or mutant PS-interabtihg proteins, it is now possible to screen candidate 
pharmaceuticals and treatments for their therapeutic effects by detecting changes in 
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one or more of thes ^pnal^ 
or mutant PS-interacting protein expression. 

Thus, the present invention provides method 
proteins, small molecules or other compounds which modulate PS^teracting protein 
> activity by contacting a cell h^or in^ynth a candidate compound and 
assaying for a change in a marker associated ^ith normal or mutant PS-interactihg 
protein activity. The marker associated with PS-interacting protein activity may be 
any measurable biochemical, physiological, histological and/or behavioral 
characteristic 

markers will include any measurable biochemical, physiological, Wstolbgical and/or 
behayJoral characteristic which distinguishes cells, tissues, animals or individuals 
bearing at least one mutant presenilin or PS-interacting protein gene from their normal 
counterparts. In addition, the marker may be any specific or non-specific measure of 
presenilin or PS-interacting protein activity/ PS-int^cting protem specific measures 
include measures of PS-mteracting protein expression (e.g., PS-interacting protein 
mRNA or protein levels) which may employ the nucleic acid probes or antibodies of 
the present invention. Non-specific measures include changes in cell physiology such 
355 P H ' mtric:e,lular calciumi cyclic AMP levels, GTP/GDP ratios, 
phosphatidylinositol activity, protein phosphorylation, etc., which can be monitored 
on devices such as the cytosensor microphysiometer (Molecular ^ 
States). The activation or inhibition of PS-mteracting protein activity in its mutant or 
normal form can also be monitored by exantining changes in the expression of other 
genes (^g^the presenilis) ^ch i 
Ieadmg to AMeimer's Disease. These cm be assayed by such techniques as 
differential display, differential hybridization, and SACjE (sequential analysis of gene 
expression), as well as by two dimensional gel electrophoresis of cellular lysates In 
each case, the differentially-expressed genes can be ascertained by inspection of 
identical studies before and after application of me candle impound. 
Furthermore, as noted elsewhere, the particular genes whose expression is modulated 
by the administration of the candidate compound can be ascertained by cloning 
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nucleotide sequencing, amino acid sequencing, or mass spectrometry (reviewed in 
Nowak, 1995). 

In general; a cell may be contacted with a candidate compound arid, after 
an appropriate period (e.g., 0-72 hours for most biochemical measures of cultured 
5 cells), the marker of preseniliri or PS^interacting protein activity may be assayed and 
compra me^urement. The baseline measurement 

to contacting the cell \yith the candidate compound or may be an external baseline 
established by other experiments orknown in the a^ The cell may be a transformed 
cell of the present invention or an explant^^^ or individual; In particular, 

10 theceilm^^ 

mutation (e.g., a human subject with Alzheimer's Disease) or an animal model of the 
invention (e.g., a transgenic nematode or mo mutant presenilin or PS- 

interacting protein gene). To augment the effect of presenilin o 
protein mutations on the A0 pathway, transgenic cells or animals may be employed 

15 which have increased Ap production. Preferred cells include those from rietxrblogical 
tissues such as neuronal* glial or mixed cell cultures; and cultured fibroblasts, liver, 
kidney, spleen, or bone marrow; The cells may be contacted with the candidate 
compounds in a culture m^p^or-may- be administered in vivo to a live animal or 
hiunan subject. For live animals or human subjects, the test compound may be 

20 administered orally or by any pa^ suitable t6 the compound. For clinical 

trials-of Inm^ may be conducted periodically (e g , daily, 

weekly or monthly) for several months or years. 

Because most in^ 
heterozygous atthat locus (i.e M bearing one normal and one mutant allele), 

25 compounds may be tested for their ability to modulate normal as well as mutant 
presenilin or PS-interacting protein activity, thus, for example, compounds which 
enhance the function of norma! presenilins or PS-interacting proteins may have utility 
in treating Alzheimer's Disease or related disorders. Alternatively, Because 
suppression of the activity of both normal and mutant copies of a gene in a 

30 heterozygous individual may have less severe clinical consequences than progression 
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wthout du^ptog ^ to.e^ ofthejr nonMj 

-vel^up i^i^ :proteinnucleic 

contemplated embodiment « di^sed in some deal below. 
--■ Av?S-fatei™t^,. ? >^. R ^ 

^^^^ployedtoscrceaca^daKeo^^fe^ abUfty.oafleci 

B; Intracellular T ^noii 71ltinn 
o-^^din^ar,^ n of the PS-i*^ proteills . „, e 
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of Alzheimer's Disease and related disorders. Compounds which can affect the 
localization therapeutics. 
Standard techmques known in the art may be employed to detect me localization of 
the presenilis V«mto^f^; ; Generally, th«e techniques^ 
the antibodies of the present invention, and in particular antibodies which selectively 
bindtooneprrhpremuta^ ^ 
well known in the art, such antibodies may be labeled by any of a variery bf 
techmques (e ; g. f fluorescent or ra^ avidin . 
biotin, etc.)toai^ proteins. The -VS- U 

iriteractmg protein m^ 

art, using antibodies to markers of those structures (e g., TGN38 for the Golgi, 
transferrin rec^ transport vesicles, LAMP2 for lysosomes). 

Western blots of purified^ ^ 

membrane bound organelles (e.g., lysosomes, synaptosomes, Golgi) may also be 
15 employed. 

B. Ion Regulatinn/MptahriUcm 

In another series of embodiments, compounds may be screened for their 
ability to modulate m^activitybf me 
upon measures in inh^ellula^ 
20 me presenilins are membrane aMociatedprote^ ^ as, or interact with, 

modulate presenilin and PS-interacting protein-related metabolism of calcium or other 
ions either by ? for example, measurements of ion channel fluxes 
and/or transmembrane voltage and/or current fluxes, using patch clamps, voltage 

25 clamps of fluorescent dyes sensitive to intracellular ion levels or transmembrane 
voltage. Ion channel or receptor function can also be assayed by measurements of 
activation of second messengers such as cyclic AMP, cGMP tyrosine kinases, 
phosphates, increases in intracellular Ca* levels, etc. Recombinant^ made proteins 
may also be reconstructed in artificial membrane systems to study ion channel 

30 conductance and, therefore, the "cell" employed in such assays may comprise an 
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^ do™^ of one of the pr^enffins or PS-in,^ ^ in oonnal or 
*^,oen,^^ 

»-<rw^ ft ^^^ rVexampie,^ 
o^„o rrat ^ 

ac ^ity cm be measured by. Jot example, rwc-iiu'croelectrode voltage*cJanip 
recordmgs in oocytes, by whole^li pa^-clamp recordings i„ HEK293 ee. ls dr by 

equivalent means. 

G, Apontori. Tr r'.|| p- |1|t| 
ab.n.y.omod^.bea^^ 

upon their effeca « p^cuW K . iaemng „ „„ 

es^hahed p^-rnonem for animal models ot human subjec*. and the ability of a 
^ndtdate expound tosuppress or inhibit ap^tosis or ceUdeaft may b. measured 

0,0 be ""^ <* r whwii^ ..a.i^^,,^ n^;-" 

nucr^py^ 

» ^^^m^^m,^^^ TlrNELnlayaJso • 

r^na.lossmme^^^^ 
■«* for example, a mutan, human, mutarii mouse , or -humanized 
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which may delay or arrest the neurodegeneration associated with Alzheimer's 
Disease; A smiilar transgenic mouse model, bearing a mutant APP gene, has recently 
been reported by Games et al • ( 1 995); 

D. AB Peptide Production 
5 On another series of embodiments; compounds may be screened for their 

ability to modulate presoulin or PS-interacting protein-related changes in APP 
processing; The A0 peptide is produced in several isofonris resultmg from differences 
in APP processing. The Ap peptide is a 39 to 43 amino acid derivative of pAPP 
which is progressively deposited in diffiise and senile plaques and in blood vessels of 
10 subjects with AD. In human braiii, Ap peptides\are ^heterc^eneous at both the N- and 
C-termihi. Several observations, -'however, Suggest that both the full length and N- . 
termiiial tnm<ated fonns of th^ long-tailed Ap peptides ending at residue 42 or 43 
(i.e., Apl-42/43 and Apx-42/43) have a more important role in AD than do peptides 
ending at res&40^ ^ are an early and proniment 

feature of both senile plaques and diffuse plaques, while peptides ending it residue 40 
(i.e. , Ap l -40 and Apx-40) /'are predominantly associated with a subset of mature 
plaques and with amyloidotic blood vessels (see, e.g., Iwatsubo et al., 1995; Gravina 
etai.,i995^T a maokaet^i^ 

isoforms have a greater p^ t* fibril formation, and are thought to be more ; 
nei^t»MbthanApl-40;^ 
missense mutations at cpdon 717 o f the pAPP gene are associated with early onset 
FAD, and result in overproduction of long-tailed AB in the brain of affected mutation 
carriers, m peripheral ceils and plasma of both affected and presymptomatic carriers, 
arid in cell lines transferee! with BAPP 7P mutant cDNAs (Tamaokaet al., 1994; 
25 Suzuki et al;, 1994). 

Thus, in one series of embodiments, the present invention provides 
methods for screening candidate compounds for their ability to block or inhibit the 
increased production of long isofbrms of the Ap peptides in ceils or transgenic 
animals expressing a normal or mutant presenilin gene and/or a normal or mutant PS- 
interacting protein gene. In particular, the present invention provides such methods in 
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whiph cultured mammalian cells, such ai 

transformed according to ^ methods disclosed herein, or in which transgenic 
animals, such as rodents or non-human primates, have been produced b y the methods 
disclosed herein, to express relatively high levels of a normal or mutant presenilin or 
5 PS-mteractmgprotem : 

transformed soas to express a nc^al or mutant^ 

relatively high levels. 

In this series of embodiments, the candidate compound is administered to 
the cell line ortransgenic amines (e.g., by addition to the media of cells in culture; or 
10 by oral or parenteral ao^ms^ 

(e.g., 0-72 hours for cells in culture, days or months for arumal models), a biological 
sample is collected (e.g., cell culture supernatant or cell lysate from cells in culture- 
tissue homogenate or plasma from an animal) and tested for the level of the long 
isoforms of the A p peptides. The levels of the peptides may be detennined in an 
absolute sense (e.g., nMoi/ml) or in a relative sense (e.g., ratio of long to short A P 
isoforms). The AP isoforms may be detected by any means known in the art (e g., 
electrophpretic separation and sequencing) but, preferably, antibodies which are 
specific to the long isoform are employed to determine the absolute or relative levels 
of the APM2/43 or Apx-42/43 peptides. Candidate pharmaceuticals or therapi 
which reduce the absolute or relative levels of these long A0 isoforms, particularly 
the transgenic animal models of the invention, are likely to have therapeutic utility 
the treatment of Akheimer^ Disease, or other disorders caused by mutations in the 
pr^e^orPS-mteractingp^te^ 

In another series of embodiments, candidate compounds may be screened 
for their ability to modulate presenilin or PS-interacting protein activity by assessing 
the effect of the compound on levels of phosphorylation of microtubule associated 
proteins (MAPs) such as tau, The abnormal phosphorylation of tau and other MAPs 
in the brains of victims of Alzheimer's Disease is well known in the an Thus 
compounds which prevent or inhibit the abnormal phosphorylation of MAPs may 
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have utility in treating presenilin or PS-interacting p^^^^ 

AD, As above, ceils rrom normal or mutant arumals or subjects; or the transformed 

cell lines and animal models of the invention may be employed. Preferred assays will 

employ cell lines or animal models ^form^ 

mutantpresenihn orPS^interactinp gene. The ba^lme phosp^ 

of MAPs in these cells may be established 'mid.i^tiu^6ti^^^ be ' 

tested fbrmetf^^ 

asspcia^ wim mutants. The phosphorylation state of me MAPs may be determined 

selectively to phosphorylated or unphosphoryjated epitopes are^oyed. Such 
antibodies to phosphorylation epitopes of the tau protein are known in the art (e.g., 

alzso). 



10. Screening and Diapnostics for Aj7h e imer's hi fiftag< . 
5 A. General Diapnostic Methods 

The PS-interacting genes and gene products, as well as the PS-interacting 
protein derived probes, primers and antibodies, disclosed or omerwise enabled herein, 
are useful in the screening ^ for caniers of alleles associated wim A^eimer's Disease, 
for diagnosis b f victim^ screening and diagnosis of 

related presenile and senile dementias, psychiatric diseases such as schizophrenia and 
depression, and neurologic diseases such as stroke and cerebral hemorrhage, all of 
which are seen to a greater or lesser extent in symptomatic human sheets bearing 
mutations ^ the PS1 orPS2 genes or in the APP gene, mdmduals at risk for 
Alzheimer's Disease, such as those with AD present in the family pedigree, or 
individuals not previously known to be at risk, may be routinely screened using 
probes to detect the presence of a mutant PS-interacting protein gene pr protein by a 
variety of techniques. Diagnosis of inherited cases of these diseases can be 
accomplished by methods based upon the nucleic acids (including genomic and 
mRNA/cDNA sequences), proteins, and/or antibodies disclosed and enabled herein, 
including functional assays designed to detect failure or augmentation of the normal 
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. presenilin or PS-in«racting protein active and/or .he presence of specific new 
Products are based upon the human nucleic acids, proteins or antibodies, as disclosed 
however, the significant evolutionary ^^ot^p^**^^ 

: IX&m «* billed aiSsan to make use of np»*un ) anhon,o 1 „ r ues of the ' 
JS-Meracdng proteins ■» produce useful nucleic acids, proteins and anu^ ev™ 
^ ; ^ Thus.forbrevi.yof 
' . «pos,tion, bu.wiU.ou, limiting theses of the invention. We following i description^ 
focus upmusesof me hun»h^^^ 

It wll be understood. However, that -ta^ sequences Son. «her species will be 
■ equivalent for mamy pui^ ■= 

As will be appreciated by one of ordinary skill in the art, the choice of 

Al^^s Disease is. Of course, primarily a disease of me brain, bu, brain biopsies : 
•re ravage and expensive procedures, particularly for routine screening Other 
'■«u« which express the presenilin, or PS-b«eracting proteins a, signific». ievels 
may. therefore, be preferred as sources for samples. 

B - Rj H frrr^ 

of^r^esarep.ssibK 1*™******^%*^ 
*fl^cesmmeelecn«^ 

approach will be particularly useful in identifying mutants in which charge 
substitutions are presem, or m which insenions, deletions or substitutions have 
suited m a signifies change in tt.e e.ectiophore.ie migration „f me resultant 
pnMem. Alternatively, diagnosis ma, be based ^ upon ttifierences in me proteolytic 
cleavage panems of normal and mutant proteins, difference, in molar ratios of the 
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various amino acid residues, or by functional assays demonstrating altered function of 
the gene products. 

In iprefOTcd embodiments, pro 
in toe ability of ^ PS-iriteractirig proteins. Such 

5 diagnostic tests may employ Mtibodies which bind to Ae nonnal proteins but not to 
mutant proteins, br vice versa. In pMic^lai; M a^y in which a pliirality of 
mbrioclbn^ antibodies, each capable of binding to a rtiutMt epitbpe v may be 
employed The levels of anti-mutant antibody binding in a sample obteined from a 
test subject (Msualized by^^ .'. 
10 may be compared to the levels of binding ^ sample. Alternatively, 

antibodies which bind to normal but riot mutant proteins may be employed, and 
decreases in the level of 

normal individuals from mutant h^ Such antibody 

diagnostics may be used for in situ in^ 
i5 GNS tissues obtained antemortem or postmortem, including rieurbpathbib^ical 
structures associated with these disease such 

plaques, or may be used with fluid samples such a cerebrospinal fluid or with ■ 
peripheral^ 

C. Nucleic Acid B^ed Scre^ 

20 When the diagnostic assay is to^^^ sample, 

the assay may be based lippn raRNA, cDNA or. genomic DN A. When mRNA is used 
from a sample, there are considerations with respect to source tissues and the 
possibility of alternative splicing. That is, there may be little or no expression of 
transcripts unless appropriate tissue sources are chosen or available, arid alternative 

25 splicing may result in the loss of some informaiiori or difficulty in interpretation. 

Whether mRNA, cDNA or genomic DNA is assayed, standard methods well known in 
the art may be used to detect the presence of a particular sequence either in situ or in 
vitro (see, e.g., Sambrook et al.^ (1989V Molecular Cloning: A Laboratory Manual. 
2nd ed., Cold Spring Harbor Press, Cold Spring Harbor, NY). As a general matter, 

30 however, any tissue with nucleated cells may be examined. 
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Genomic DNA Used for the diagnosis may be obtained from body ceils, such 
as those present m the Wood, tissue biopsy, surgical specimen, or autopsy material. 
The DNA may be isolated and used directly -for d^ ; 
may be arnplified by me polym^^ reaction (PGR) pirior to analysis. 
Similarly, RNA or cDNA may also be used, with or without PCR amplification. To 

mapping, ^ase: protection, c^ 
sequences 

radioactivdy (e.g.,biotin tags, emidi^^^ 

transfer from gels after electrophoresis), or in solution. The presence or absence of 
th^ target fences may then be visualized using methods such; as autoitdiograph^ 

short pligpnucleotides of known sequent ^ in high density to silicon chips, 
f 11 Appropriate Pmhps and prirn»rc 
Whetoer ^hy^ 

amplification or my ^mer standards methods mme: 
artVavariety of subsequences pf 

ofcerwiseeii^ probes and/or primers; These sequences Or 

subsequences will include both normal sequences and deleterious mutant sequences. 
In general, useful sequences will include at least 8-9, more preferably 10-50, and most 
preferably 18-24 consecutive nucleotides from introns, exons or intron/exon 
boundaries. Depending upon the target sequence, the specificity required, and future 
technological developments, shorter sequences may also have utility, therefore, any 
PS-interacting protein derived sequence which is employed to isolate, clone, amplify, 
identify or otherwise manipulate a PS-interacting protein sequence may be regarded as 
an appropriate probe or primer. Particularly contemplated as useful will be sequences 
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includihg nucleotide posiU^fem the PS-in^ 
causihgmutation.arekti^ 

(2) Hybridization Rtvr***^ 
\ *<*m& detection *f a "P^^^ T. 
5 nucleic acidiequence, a sample of tissues 

then contacted with one of more pfthe above^^ 

is labeled to facilitate detection, and an assay for nucleic acid hybridization is . 
conducted under stringent confc 

probe and highly or perfectly comp^ Because niany Mutations 

> consist of a single nucleotide subs^ 

may be required to distinguish normal sequences fiom most mutant sequences. When 
the PS-imeracting piotem ge^rypes of the subject^ may 
be chosen accordingly. Alternativ^^ of mutants may be 

employed sequentially or in combination. Because moW indiyidu^ carrying 
mutations^ ; 

sequences also may be employed and homozygous normal individuals may be 
distinguished from mutant heterozygotes by the amount of binding (e^, by intensity 
of radioactive signal). In another variation, competitive binding assays may be 
employed in which both normal and mutant probes are used but only one is labeled 
(3V Restrictib h Mapp jjpg 
Sequence alter^ipn^ may also create 
recognition sites which are revealed by the use of appropriate enzyme digestion 
followed by geH>lot hybridization. DNA fragments carrying the site (normal or r 
mutant) are detected by their increase or reduction in size, or by the increase or 
decrease of ^corresponding restriction fi^ Such restriction fragment 

lengm poiymomhism analysis (RFLP), orrestriction mapping, may be employed with 
genomic DNA, mRNA or cDNA. The PS-interacting protein sequences may be 
amplified by PCR using the above-described ^ pikers prior to restriction, in which 
case the lengths of the PGR products may indicate the presence or absence o f 
particular restriction sites, and/or may be subjected to restriction after amplification. 
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The restriction fragments may be visualized by any convenient means (e^ under ITV 
light m the presence of ethidium bromide). 
(4) PCR Map pincr " 

/l m !^'l^^ , ?l"^.,#%.-bei»wiioi^ subjects and beterc^gbus and/or^ 
;, tau^s mt«a«s. Tte**^ of fte^™4 ,n»« g0 ,e may - 7 

7 . :-:*£^3^*^ 

;:; or agan.se g,l electrophoresis and visrcUizatira with Jabeled probes, ettudium 

^"-^ V^rt^m^MtQ^oi :::: 

heterozygous. Ihe power of this technique may be low. 
(5) Elecliophniwi c Mnhilji Y 

detect™ of allerauons in elecrrophoretic mobility ofDNA, mRNA or cDNA 
. fagmerits&getf , 

as changes a „e mjg,*i on pltt ^ of m hete^exe^ in^o^denamrmgge, ' " 
; ***** ^,* P ^ Sfc ^- saiBny . 
aiso be detected by methods which expioit mobflity shifts due W s^,^ 

DNA secondary structures. 

(6) Chemical q^v af , e of Mismatrh „ c 
MutadonsinthePS-mt^ 

ernploying^e che.ica, Ceavage of .ismatch (CCM) method (see, e.g.. Saleeba and 
Cotton, ,993.^^^^, I„ «* probes (up ^ _ , ^ 
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mixed with a sample of genomic DNA, cDNA ormRNA obtained from a subject, 
The sample and probes are mixed and subjected to conditions which allow for 
heteroduplex formation (if any). Preferably, both the probe and sample nucleic acids 
are double-stranded, or the probe and sample may be PGR amplified together, to 
ensure creation of all possible mismatch heteroduplexes. Mismatched T residues are 
reactive to osmium tetroxide and mismatched C residues are reactive to 
hydroxylamine. Because each mismatched A will be accompanied by a mismatched 
T; and each mismatched G will be accompanied by a mismatched C, any nucleotide 
differences between the probe and sample (including small insertions or deletions) 
will lead to the formation of at least one reactive heteroduplex. After treatment with 
osmium tetroxide and/or hydroxylamine to modify any mismatch sites, the mixture is 
subjected to chemical cleavage at any modified mismatch sites by, for example, 
reaction with piperidine. The mixture may then be analyzed by standard techniques 
such as gel electrophoresis to detect cleavage products which would indicate 
15 mismatches between the probe and sample. 

(7) OtherMethods 
Various other memods of dete^^^ 
upon the sequences disclosed and otherwise enabled herein, will be apparent to those 
of ordinary skill in the art. Any of these may be employed in accordance with the 
present invention. These include, but are not limited to, nuclease protection assays 
(SI or ligase-mediated), ligated PCR, denaturing gradient gel electrophoresis (DGGE; 
see, e.g., Fischer and Lerman, 1983), restriction endonuclease fingerprinting 
combined with SSCP (REF-SSGP; see, e.g., Liu and Sommer, 1995), and the like. 
D. Other Scre ens and Diap ^nctiVc 
In inherited cases, as the primary event, and in non-inherited cases as a 
secondary event due to the disease state, abnormal processing of the presenilins, PS- 
interacting proteins, APP, or proteins reacting with the presenilins, PS-interacting 
proteins, or APP may occur. This can be detected as abnormal phosphorylation, 
glycosylate, glycation amidation or proteolytic cleavage products in body tissues or 
30 fluids (e.g., CSF or blood). 
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:; . ^agnosis also can 

^Aand/or^ 
-lude: No^ Blots ^ 

nucleotide probes); Western blots and CT^e-link^ in,™™ 

, wuyine-iinKed immunosorbent assays (ELIS A) 

^^^ pl ,psp h0 ^ iM ^ .•n.eseas.ays.anbepcrto™^ 

« we.. CNS ^^ mmU ^ orpostmorttm - d - n ? 

dBeases such « nonofibriltay angles „, a^,,,;,, pUqilB) - ' ; 
E,-Scremin^^« j a i^ n ^ ^j | . : 

^'.^^^ 

^^^^^^^^ 

apprppnae » the vanous dag. aic OTbodiments dMeribed ^ ^ 
and appropnate controls may be provided: 



WO 97/27296 



PCT/CA97700051 



-74- 



10 



15 



20 



25 



30 



11. Methods of Treatment 

The present myention npwp^ for therapeutic intervention in 

diseases which are caused, or which may be ^ by mutations in -mePS-^- ' 
intera^ 

^^^^^ dwejopment pfe^y b^ . \\ 

and y therefore, the present invCTtion is^ p t0 the treatment of 

subje^dlapiosedwi^ 

Wimoutbei^ 
the Al^eimer-s Disease related muta^ 

novel function, or an acceleration of a normal fanction, which directly or indirectly 
causes aber^tpro^ 

abnormaiplibsphorylation homeostasis, an(^ in the brain. Such 

againoffimctipnoraccelera^ 

oiwet of me s^ptoins aJid the doiniiumt inheritance of Alzheimer's Dis^ 
Nonetheless, the mechanism by which mutation^ in the pr^lins riiay cause mese 
effects remains unknown; 

The present invehtibh, by identifying i set of PS-mteraiting proteins, 
provides new therapeutic targets for mteryening in the etiology of presenilin-related 
AD. In^itioh,asmutah^m 

mutations in the PS-interacting proteins may also cause AD. the fact that the PS- 
interacting protein S5a is alternately processed in the brains of victims of sporadic 
AD, as well as in the brains of victims^f preseri^ that, at the 

very least, this PS-mteracting protein is involved in the etiology of AD independent of 
mutations in the presenilins. It is likely mat me omer PS-intera^ 
may be involved in hortrpresemlm-liriked AD. 

Therapies to treat PS-interacting protein-associated diseases such as AD 
may be based upon(l) administration of normal PS^interacting proteins, (2) gene 
therapy with normal PS-interacting protein genes to compensate for or replace the 
mutant genes, (3) gene therapy based upon antisense sequences to mutant PS- 
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15 



otaproieins or ^ 

A. Protein Thwrapy 

Treataem of Alzheimer's Disease, or oiher disorders result ps . 
^~™^*.y* 

of norma! pronto reduce fte eflec, „f ^ 

proteins; .. 

■■ : T °^P^M<is,»^ 
^l^e^of^auypurep^^ 

areas or other tissues can then be ^ ai^rirnniiow^- • 

aninen Deaccomphshed using appropriate packaging or 

B. Gene Therapy .' . 

^c.empro.einu.provide^vetocdM 

-ombta™ g e„e be operabiy joined .* . ^ promoter ^ provide, nigh 
<eve, pfexp^ ^ m ^ • .^^^ 
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regulatory elements, inducible or repress^ 
regulatory elements. 

. : In another series of errib^ 

replace the mutant gene by homologo^^ recprribinant construct. 

5 The recombinant construct may contain a normal copy of the targeted PS-interacting 
protein gene, in which case the defect is corrected iiLsta, or may contain a ^knock- 
out" construct which introduces a stop codpn, missense mutation, or deletion which 
abolished func^ 

wnstmctmay knock-out both^ bfme targeted gene in a 

10 hete^gous individual, but ^ 

the individual than continued progression of the disease state. 

m anomei- series of embb<iimeht^ 
employed. The antisense therapy is based on the fact that sequence-specific 
suppression of gene expression can be achieved by intnurellular hybridization between 
15 mRNA or DNA and a complementary antisense species. The formation of a hybrid 
duplex may then interfere with the tn^ption of the gene and/or the processing, 
transport, tn^ Antisense strategies may ■ 

use a variety of approaches mclu^ 
or antisense oligohuclebtide ^ 
20 or tofectibn ^ 

include exogenous or endogenous regulatory regions, inducible or repressible 
regulatory elements, or tissue-specific regulatory elements. 

In another series of embodiments, gene thera^ be used to introduce a 
recombinant construct encoding a protein or peptide which blocks or otherwise 
25 corrects to^ caused by a mutant F esenilih or PS-interacting protein 

gene. In one embodiment, the recombinant gene may encode a peptide which 
corresponds to a domain of a PS-interacting which has been found to abnormally 
interact with another cell protein or other cell ligand (e.g., a mutant presenilin). Thus, 
for example, if a mutant PS1 TM6-»7 domain is found to interact with a PS- 
0 interacting protein but the corresponding normal TM6->7 domain does not undergo 
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blockfeaber™, interaction. AK^vefcthe PS-interacting domain 0 f a 
thereby inhibit or block, Iheabeirotinieranion. 

u R «""« <*«» can be used for somatic cell gene therapy especially 

"^^W'ector^e^ 
Iromfce^ 

l? . ■ Epstein-Barr virus. • 

C. Immunotherapy 

«- to a no™. ormutan, P^i»«prp to(ora ^ to0 ^ ; > 
ad*™«red «o thepaden, ,o bind or block „ ^ ^ ^ ^ 

presemlM, and proven, its deleterious efiecs, Simultaneously, expression of the 
nor^protoproductcouldbeenc^^^ 
.ospec i n t co m p,ex« I ^ I ^ j „ 

interaction partners. 

A further approach is to stimulate endogenous antibody production to the 
des.redandgteAdmWs^o^uldbeto 

prepara.onorvaccineimunjzadon. TktS**^^*^^^ 

ben^edwitt.pnannaceuac^lyacceptablecar.e. 
pro**. ^^uhogenicc^si^ 

subs^suchasen.ulsifyingagentsoradjuv^toenhar.ceeffec^^ 
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Imraunogenic compositions and vaccines may be administered parenterally by 
injection subcutanebusly or mtramusciilarly. 

D. Small Molecule TTierapeiirir* 

As described and enabled herein, the present invention provides for a 
5 number of methods of identifying small molecules or other compounds which may be 
useml in the msatmentof A^eim caused by mutations 

in me presenilins or PS-interacting proteins. Thus, for example, the present inventibh 
provides for mem()ds of identifying proteins which bind to normal or mutant PS- 
interacting proteins (aside from the preseniiins). The invention also provides for 
16 .. methods of identifying small molecules which can be used to disrupt aberrant 
interactions between mutant presenilins arid/or PS-mte^ 
binding proteins or other cell components. 

Examnies : 

15 Example 1. Isolation^ 

jp identify proteins interacting w 
commercially available yeast two-hybrid f kit ("Matchmaker System 2" from Clontech^ 
Palo Alto, CA) was employed to screen a bram cDNA Iibraiy for clones which 
interact wth functional domains of the pireenilins. In view of the likelihood that the 

20 TM6V>7 loop domains of ffie prwemlms are raportaht functional domains, partial 
cDNA sequences encoding either residues 266-409 of the normal PS 1 protein or 
residues 272-390 of the normal PS2 protein were ligated in^frame into the EcoRI and 
Bamffl sites of the pAS2-l fusion-protein expression vector (Clontech). The resultant 
fusion proteins contain the GAL4 DNA binding domain coupled in-frame either to the 

25 TM6-+7 loop of the PS1 protein or to the TM6-47 loop of the PS2 protein. These 
expression plasmids were co-tiransformed into S. cerevisiae strain Y 1 90 together with 
a library of human brain cDNAs ligated into the pACT2 yeast fusion-protein 
expression vector (Clontech) bearing the GAL4 activation domain using modified 
lithium acetate protocols of the "Matchmaker System 2" yeast two-hybrid kit 

30 (Clontech, Palo Alto, CA). Yeast clones bearing human brain cDNAs which interact 
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w,thth eT M6^7ioopdo^ 

muuma^ medium lacldhg hisfidine and for pgaH activation by color selection: The 

P gal + clones were then purged of the pAS2-l "bait" construct by culture in 
lOMgymlcyclohexamideandtteunJcrio^ 
5 ™°^*S-i*™mprote™ were isolated by PCR and sequenced Of6 

million initial transfonnants, 200 positive clones were obtained after His- selection 
and42^ 

^ toM '^ - ^ 9f ***** ^ fthese 42 clones there wereseveral 

^res^nting the same genes. 

10 To address the likelihood ^ ^ 

though the a^^^^^ 

mutation) which is mediated by a nov,l interaction between the muta^^^ 
one or more other cellular proteins, the human brain cDNA library cloned into the 
PACT2 expression vector (Clontech) was re-screened using mutant TM6-7 loop 
15 domain sequences as described above and according to m^tur^s protocols. In 
particular, mutant presenilin sequences corresponding to residues 260-409 of PS 1 
TM6^7 loop domains b^ng ^ 
in-n^eto 

used to screen the human brain cDNA:GAL4 activation domain library of pACT 
20 vectors (Clontech). Yeast we* ^ co-transfbrmed, positive^^ 

"trapped" sequences were recovered and sequenced as described above, in addition to 
some of the same sequences recovered with the normal TM6->7 loop domains 
several new sequences were obtained which reflect aberrant interactions of the ^utant 
presenilis with normal cellular proteins. 

The recovered and sequenced clones corr^onding to these PS-interacting 
proteins were compared to the public sequence databases using the BL ASTN 
algorithm via the NCBI e-mail server. Descriptions of several of these clones follow: 

Antisecretory Factor/ ProteaW-S^ Snhnnit , two overlapping clones 
(Y2H29 and Y2H3 1) were identified which correspond to a CMerminal fragment of a 
30 protein alternatively identified as Antisecretory Factor ("ASF") or the Muhiubiquitin 
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chain binding S5a subunit ofthe 26S proteasome ("S5a") (Johansson etal. 1995; "' 
Ferrell et al,, 1996). the complete nucleotide and amino acid sequences of the SSa 
subunit are available through the public databases under Accession number U5 1007 
and are reproduced here as SEQ ID NO: 1 and SEQ TD NO: 2. The nucleotide 
sequences of the Y2H29 > and Y2H31 clones uwhidenucleotides 35 M 330 of SEQ ED 
NO ; 1 and amino acid residues 70-377 ofSEQ ID NQ: 2. Thus, residues 70-377 of 
the foil S5a subunit iricludethe ^-interacting i domain of mis pro teih; Residues 206- 
377 of S5a contain certain motifs that are important ^ 
(Ferrell et al., 1996). • 

The PS 1 -S5a subunit interaction was directiy re-tested for bom wild type 
and mutant PS1 TM6-47 loop (residues 260-409) by transforming Y187 yeast cells 
with the appropriate wild type or mutant (L286V, L392V or A290-3 1 9) cDNA ligated 
in-frame to the GAL4-DNA binding domain of pACT2, The A290-319 mutant fusion 
construct displayed autonomous pgai activation in the absence of any S5a "target 
15 sequence" and, therefore, could nof be former analyzed. In contrast, both the L286V 
and L392V mutant cpnstracts interacted specifically with the S5a construct; 
Quantitative assays, however, showed that these interactions were weaker than those 
involving the wild type PSl,^ sequence and that the degree of interactipn was 
crudely correlated with the age of onset of FAD. The difference in pgal activation 
20 was not attributable to instability of me mutant PS 1 26(MO , construct mRNAs or fusion 
proteins because Western blots of lysines of transformed ye^ sho 
quantities of "mutant or wild-type fusion proteins. 

Because one of the putative functions of S5a is to bind multi-ubiquitinated 
proteins, the PS 1 :S5a interaction observed in Sj^cagvisiae could arise either through 
25 y^t-depradent ubiquitM or by direct interaction. The 

former would reflect a degradatiye pathway, a functional and perhaps reciprocal 
interaction between PS 1 arid S5a, or both. A direct interaction is favored by the fact 
that the PS 1 :S5a interaction is decreased rather than increased by the presence of the 
L286V and L392V mutations, and by the fact that neither of these mutations affect 
30 ubiquitin conjugation sites in the PSl^ loop (i.e., K265, K311, K314 or K395). 
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To further examine this possibility, we investigated the.direct interaction of 
recombinant His-^ 

PSl 2SM09 loop. Partially purified recombinant ^His-tagged PS1^ M loop and His, 
tagged S5a proteins and appropriate conm,ls were mixed in phosphate buffered saline 
5 The mixture was then subjected to size exclusion chromaibgraphy, and eluates were 
examined by SDS-PAGE and Western blotting using antics-tag monoclonal 
antibodies (Quiagen). In the crude PSl 2aM09 loop preparation alone, the PS1 26(M09 loop 
eluted from the size exclusion column asa broad peak at 35 minutes. In the crude S5a 
preparation alone, S5a eluted at 25 minutes. Hoover, when me^ P si 26<M09 lbop : 
10 and S5a preparations were mixed, there was a significant shift in the elutiori of PS 1 
^ toward a higher molecular weight complex. Caution of S5a and PS1 W in the 
same fraction was confirmed by SDS-PAGE and Western blotting of factions using 
the anti-His-tag antibody. These results are consistent with a ubiquitin-independent 
and, therefore, possibly functional interaction. 
15 GT24 and relied genes with homology tn nn^ i^uu;. ^ mil . . Five 

over-lapping clones (Y2H6, Y2H10b, Y2H17h2, Y2H24, and Y2H25) were obtained 
which interact with the normal PS1 TM6-7 loop domain and which appear to * 
represent at least one novel gene. The Y2H24 clone was also found to interact with 
the mutant PSi TM6-*7 loop domains. Note that it appears that more than one 
20 member of thegene family was isolated, suggesting a family of genes interacting 
differentially with different presenilis. The most complete ^ available cDNA 
corresponding to these clones was designated GT24 and is disclosed herein as SEQ ED 
NO: 3 and has been deposited with GenBank as Accession number U8 1004. The 
open reading frame suggests that GT24 is a protein of at least 1040 amino acids with a 
unique N-tenninus, arid considerable homology to several armadillo (arm) repeat 
proteins at its C-termmus, The p^^ 

herein as SEQ ID NO: 4. Thus, for example, residues 440-862 of GT24 have 32-56% 
.dentity^l^t residues 440-854 ofmurinep 120 piptein (Accession number 
Z17804), and residues 367-815 of GT24 have 26-42% identity (p^.0017) to residues 
245-465 of the Ojsejanogasjer armadillo segment polarity protein (Accession 
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number P18824):; The GT24 gene maps to chnMT,oson^ 5pl5 near the anon^ous - 
microsateHi^markerD5S748 arid me Cn-du-Chat s^drome locus. This sequence is 
also nearly identical tp portions of ^ 
nucleotides^ 

Accession number T18858), These clones also show lower degrees of r^plqg^with 
other partial cDNA and gD^ sequence4 <e,g., H17245, T06p^4;t77214, H242S>4, : 
M62Ql5,T87427 : andGQ^plSI), 1 

: bib ^;f^SAccesabn:mu^ 

C-terminal arm repeats. A longer cDNA sequence closely corresponding 
to Uie Y2m5 clp^e has been debited m^ human protein p0071 : 

CAccession number X81889).^ 

sequences of p0071 are reproduced as SEQ ID NOs: 5 and 6. Comparison of 
me predicted sequence ; 
related pro%ns wW4^ sequence identity, and wi^ 70% identity 

be ^ nr «!dues346>862of ofp0071 (which includes = 

^ id ^ encbded by the Y2H25 cDhU): the latter result strongly suggests that PS 1 
interacts with a nw^ 

hybndiranbn signal obtamed on 

reflect eitiier alt^ existence of 

additional members of this family with higher degrees of N-terminal homology to 
GT24thanp0071. 

Rabl 1 gene. This clone (Y2H9), disclosed herein as SEQ ID NO: 7, was 
identified as interacting with the normal PS1 TMfr-*7 loop domain and appears to 
correspond to a known gene, Rabl 1, available through Accession numbers X56740 
and X53 143, Rab 1 1 is believed to be involved in protein/vesicle trafficking in the 
ER/Golgi. Note the possible relationship to processing of membrane proteins such as 
BAPP and Notch with resultant overproduction of toxic AB peptides (especially 
30 neurotoxic Afi i-I2(43) isoforms) (Scheuner.et al, 1995). 
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Retinoid X receptor-p rrnr. This clone (Y2H23bX disclosed herein as 
SEQ ID NO: 8, was identified as interacting with the normal PS1 TM6^7 loop 
domain and appears to correspond to a known gene, known variously as the retinoid X 
receptor-P, nuclear receptor co-regulator or MHC Class I regulatory element, and 
available through^ 

believed to be involved m intercellular r 
the intercellular signaling function mediated by Cejegans sell2 and Notch/lin-i 2 
(transcriptipn activator). 

Cytoplasmic chariemnin p rn >.. This clone (Y2H27), disclosed herein as 
SEQ ID NO: ?, was identified as interacting with the normal PS1 TM6^7 loop 
domain and appears to correspond to a known gene, a cytoplasmic chaperonin 
containing TCP-1, available ^ through Accession numbers Ul 7 104 and X74801. 

Unknown Rene fY7H35) . This clone (Y2H35), disclosed herein as SE$ 
ID NO: 10, was identified as mteractihg with the normal PS I TM6->7 loop domain 
and appears to correspond to a known gene of unknown function, available through 
Accession number R12984, which shows conservation down through yeast. 

Unknown Rene>Y7H171) . This clone (Y2H171), disclosed herein as SEQ 
IDNO: 1 1, was identified as interacting with the normal PS1 TM6-+7 loop domain 
and appears to correspond to a known expressed repeat sequence available through 
20 Accession number D5532& 

Unknowq generYyH^. This clone (Y2H41) was identified which reacts 
strongly with the TM6-*7 loop domains of both PS1 and PS2 as well as the mutant 
loop domains of PSl r The \*mm disclosed as SEQ ID NO: 1 2V shows strong 
homology to an EST of uiuaiown function (Accession number T64843): 

To identify the proteins which may be involved in the biochemical 
function of the presenilins, PS-interacting proteins were isolated using affinity 
chromatography. A GST-fusion protein confining the PS1 TM6-47 loop, prepared 
as described in Example 3, was used to probe human brain extracts, prepared by 
homogenizing brain tissue by Polytron in physiological salt solution. Non-specific 
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binding was eliminated by pre-clearing the brain homogenates of endogenous 
binding components by incub^bn with glutathiohe-Sepharo^ These GST- 

free hompgenates were then incubat^ with the GST-PS fusion proteins to produce the 
desired complexes with functional binding proteins. These complexes were 
5 recovered using the a^ After extensive washing 

with pho^hate buff^ by 
SDS-pplya^lamide gel^ 
20%), Two major bands we^^^ 
. weaker bands ranging from 50 to 60 kD; 
10 The s&e approach may 

binding activity for the PS-interact thereby, to 

etiology o|;AD^ AD 

and related disorders. 

Example 3. Euic arvotic and prokarvdtic expression vector systems 

15 Constructs suitable for use in eukaryo^H 

systems have been generated using diffCT cDNA 
sequence inserts. In the first class, termed full-length constructs; the entire PS 1 cDNA 
sequence is inserted into the expression plasmid in the correct orientation, and 
includes both the na^ the entire open 

20 reading frame. The open riding fi^ bear a nucleotide sequence c^^ 

allows eitfier the wild type opra reading frame tq be include^ in the expression system 
or alternatively, single or a combination of double mutations can be inserted into the 
open reading frame. This was accomplished by removing a resection fragment from 
the wild type open reading frame using the enzymes Narl arid Pflml and replacing it 

25 with a similar fragment generated by reverse transcriptase PCR and bearing the 

nucleotide sequence encoding either the M146L mutation or the HI 63R mutation. A 
second restriction fragment was removed from the wild type normal nucleotide 
sequence for the open reading frame by cleavage with the enzymes Pflml and Ncol 
and replaced with a restriction fragment bearing the nucleotide sequence encoding the 

30 A246E mutation, the A260V mutation, the A285V mutation, the L286V mutation, the 
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« M,«L 6 fH ,« R mu « on „ ^ ^ 0M of ^ mu(at . oij . 

ov unking a Narl-Pflmi fragment bearing one of the former {nutations and a 
PfbrJ-NcoI fragment bearing one of the latter mutations. 
5 The second class of cDKA inserts, termed truncated constructs was 

eonsmtoed by removing the 5' UTR and part of the 3' UTR sequences ftom foil 

°W**Migonucleonfcconta^ 

araficial BcoRI site a. me * end. Mutant variants of mis const™ were men made by 

sites as described above. 

For eukaryotic expression, these various cDNA constructs bearing wild 
15 type and mutant sequences, as described above, were cloned into the expression 

dtgesnon and replaced with the CMVp™,„ lw element of pcDNAJ (Invitrogen, For 
^ < GS ^Pn^P<^-kg.Thei^^ 

■y^'W^^jmrnti^iZ. TheseGST fusion 
consmtc^ailowMonof^^ 

^«*^'^.ypeGST^ 

J"— fo..ow«, by r^nov* of the GST fusion product by thrombin 
dtgesdon. :A^^«^ r ^^ fc(w .^^. j .. ilta .. 
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type or mutant sequence from appropriate sources of RNA using a 5' oligonucleotide 
primer with a 5' Bamffl restriction site (G/GATCC), and a 3' primer with a 5' EcoRJ 
restriction site (G/AATTC). This allowed cloning of the appropriate mutant or wild 
l yp e nucleotide sequence correspond loop domain at the 

5 Bamffl and the EcoRI sites within the pGEX-KG vector. 

The PS-im^ting prptein genes may tie sirniiarly marupulated by 
recombinant means for expression in prokaryotic or eukaryotic hosts. In particular, 
GST or other foi^^ 

yeast two-hybrid smdies) for merapeutics. 
10 Example 4. Antibody production. 

P^tide antigeiis corresponding to portions of the PS 1 protein were 
synthesized by solid-phase techniques and purified by reverse phase high pressure 
liquid chromatography. Peptides were covalehtly linked io keyhole limpet 
hemocyanin (KLH) via disulfide linkages^ 
15 cysteine residue at the peptide C-terininus of the presenilin fragment This additional 
residue does not appear normally in the protein sequence and was included only to 
facilitate linkage to me KLH molecule. 

A total of three New Zealand white rabbits were immumzed with peptide 
KLH complexes, for each' peptide antigen in combination with Freund's adjuvant and 
20 were subsequently given booster mjM^^ day intervals. Antisera were 

collected for each peptide and pooled and IgG prwipiteted ^ 
Antibodies were then affinity purified with Sulfo-link agarose (Pierce) coupled with 
the appropriate peptide. This final purification is required to remove non-specific 
interactions of other antibodies present in either the pre- or post-immuiie serum. 
25 The specificity of each antibody was confirmed by three tests. First, each 

detected single predominant bands of the approximate size predicted for presenilin- 1 
on Western blots of brain homogenate. Second, each cross-reacted with recombinant 
fusion proteins bearing the appropriate sequence. Third each could be specifically 
blocked by pre-absorption with recombinant PS 1 or the immunizing peptide. 
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produced by similar means. 
Example 5 fran^.v m j rp 

A series of wjld type and mutant PS PS2 genes were constructed for 
5 use m me preparatipa Mutant versions of PS 1 and PS2 were 

generated by sitenUrected mutagenesis of the cloned cDNAs using standard 
techniques. , 

The cDNAs aiid theirmutaht versions were used to prepare two classes of 

10 class, referred to as "wli-length" cDNAs wen- m*m.r*i k, 

i&ui Was, were prepared by removmg approximately 
200;b P ofthe 3' untranslated region immemately before the polyA site by digestion 

bmding site (Kozak consensus sequence) placed immediately 5' of the ATG start 
15 codon. 

Various full length and truncated wild type arid mutant PS 1 arid PS2 
cDNAs, prepared, as described above, were introduced into one or more ofthe 
Allowing vectors and the resulting constructs were used as a source of gene for the 
production of transgenic mice. 

20'*' 

clone Whining theStfan h^M^ Ithas ^ ^ 

were wetted into tins vector a, its Sail site.. The final cotocts contain 20 kb of 5' 
sequence flanking ; the tart* cDNA. Ilia 5' flanking sequence faciudea the ftp 
geneptomoter, 50 bp of a Wgene * untied region exon, a sphce donor site, a 1 
kb mtron, and a sphce acceptor site Ipcattd tamediateJv adjacent to the Sail site into 
whichthePS. orPS2cDNA washed. The T sequence flanking the inserted 
cDNA includes an approximately 8 kb segment of PrP 3' untranslated region 
.ncludingapolyadenvlati nsignal: Digestion of this construct with NotI (PS1) or 

30 ^^^^^^m^,^ m ^^ tSemtmAa ^ 
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control of the PrP promoter. The released fragment was gel purified and injected into 
the pronuclei of fertUizied mouse eggs using the method of Hsiao et al. (1995). 

Platelet^derived growth factor rpre otor R.siiknh^ fnn ^. PS cDNAs 
were also introduced between the Sail (full length PS 1 cDNAs) or Hindlll (truncated 

■iwi^-i^^m factor receptor (J-subunit promoter and the EcbRI site 
at the 5' end of the SV40 pblyA sequence ahd the entire cassette Was cloned into the 
pZeoSV vector (invitrogen, $an Diego, CA.). Fragments released by Scal^amHI 
digestion were gel purified and injected into the pronuclei of fertilized mouse eggs ! 
10 using me method of Hsiao et al. (1995). 

Human P-acti n constnirts: PS1 and PS2 cDNAs were inserted into the Sail 
site ofpBAcGH. The construct produced by this insertion includes 3.4 leb of the 
human P actin 5' flankmg sequence (me human p acting 78 ^ 

human p actin 5' untranslated exon and mtron)and me PSl orPS2 ins^ 
15 2.2 kb of human growth hormone genomic sequence containing several introns and 
exons as well as a polyadenylation signal. Sfil was used to release a PS-containing 
fragment which was gel purified and injected into the pronuclei of fertilized mouse 
eggs using the method of Hsiao et al. (1995). 

Phosphoglycerate kinase constructs: PS 1 and PS2 cDNAs were introduced 
20 into m epkJ90 vector/^^ inserted between the Kpnl si^ 

of me human phosphoglycerate kinase promoter and the XbaJ si te upstream of the 3* 
untranslated region of the human phosphoglycerate Idnase gene. PvuII/Hmdm (PS l 
cDNAs) or PvuII (PS2 cDNAs) digestion was used to release a PS-contaimng 
fragment which was then gel purified and injected into the pronuclei of fertilized 
25 mouse eggs as described above. 

Analysis of AP in transgenic murine hipp nrampnc- To analyze the effect 
ofa mutant human PS1 trahsgene inmice,a PSl mutation observed in conjunction 
with a particularly severe form f early-onset PS 1 -linked Alzheimer's disease was 
used, namely the M146L missense mutation (Sherrington et at., 1995). The animals, 
30 which were heterozygous for the PSl mutant transgene on a mixed FVB-C57BL/6 
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5 iminne Ap peptides. . 

V llK of *«* PS!-,., x PAPP„ cross-breeding, were then 

genotyped to identify animals ^ contained both the human wiW-type P APP 
. ^WaMIIKiaM^ Tbesemieew^^r 

contained only : : the :wi]d-tybe:huinm>RA^PP-- vh^-., 

.. ' >ype numan pAPP„, tjamgene were also sacrificed, and their 

htppocampi and neoconices were dissected and rapidly frozen as well, -"-'r 

W^Ap^fldesin^ed^ 
^-"^Moreirnp^ 

ar^seanrecap^sorneofftebioch™^^ 

of.ong-a„edisoformsofAPpepdde,. Ttae observations to prove Uta. the 
transgenic models are in fact useful in P vni«„„„*u ■ ... 

mm w exploring therapeutic targets relevant to the 

treatment and prevention of Alzheimer's disease. 
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Analysis of hippocamnus dependent mi-mn^ function in Pgi tr^c^ n ( r 
mice: Fourteen transgenic C57BL/6 x FVB mice bearing the human PS1 MI46V mutant 
transgene under the PrP promoter (as described), above and 12 wild type litter mates 
aged 2.5;3 months of age (both groups were balanced for age, weight, and sex) were 
5 investigated for behaviorai differences attributable to the mutant transgene; Also the 
qualitative observation of murine behavior in their home cages did not indicate 
bimodal distribution of behaviors in me sample o f animals. 

■fop"™"*: 1 • T? test for subtle differences in exploratory 
behavior (e g. locomotion, scanr^ 

10 of investigation of un^llar environment), boto and wild type litter mates 

were tested in me open-field (Janiis, et al. 1995): The results of the test revealed no : 
significant differences between transgenics and controls in expl^^^ 
environment measured by mice locomotor behaviors (walking, pausing, wall leaning, 
rearing, grooming), (F( 1^4) - .98, NS). Thus, differences any in behavior on me ' ; 
Morris water maze test (see below) cannot be attributed to differences in locomotor 
• abilities, etc. •■<'••■•••.■:,: 

Experiment 2. One week after the open-field test, the PSl,^ 
mutant transgenic mice and their litter mates were trained in the Morris water maze. 
In this test, a mouse l^ tp swim m a pool in order to fmd a submerged escape 
20 platform, The arnmar 

using the available extra-maze spatial cues (Morris, 1990). this tet was chosen: 
because there is strong evidence that the hippocampal forrnatton is ^ 
form of leanirag. The hippocampus is also a major site of AD neuropathology in 
humans and defects in ^«al learmng (geographic disorientation, losing objects, 
25 wandering, etc.) are prominent early features of human AD. As a result the test i s 
likely to detect early changes equivalent to those seen in human AD, the Morris test 
is conducted in three phases. In the first phase (me learmng acquit 
mouse has to learn me spatial position of the platform. In the second phase (the probe 
trial), the platform is removed from the pool and the mouse's search for the platform 
is recorded. In the final phase (the learning transfer phase), the platform is replaced in 
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20 



25 



30 



platform. 

Transgenic and wild type mice did not differ in their 1^ to find the 
; Platform durii^ learning acquisition (F(l,24) = agl,^ a„ d both groups showed 
>: rap^ 

• m^ce from both groups searched the qua&aht of the pool wnich originally 

-ntaine^ t heplatform(F(3,22) = 28.9, p^ O.001). However, the wild type controls 
showed a: trend which was not quite statistically significant (t(24) = 1.21, p „ 0 24) for 
an increased number of crossings of the e^act previous position of the platform. In I 
the learnmg transfer test, both groups sho^ 
. . position of the platform in die initial block offals (t(24)- 1.11, NS) : Such long 
latency tp find the new spatial position is expected because me mice spent most of 
their time searching for the platform in the old spatial position. However, in later 
trials in me learning transfer phase, the wild type mice showed shorter swim latencies 
tomenewp^ 

CF(1^4) 2.36, p = p.l4V The^ 
wereless^ 

persevere m meir search for the platform 

w.ld type aM the PS1 MM<V mutant transgenic mice, th e PS1 MM6V mutant transgenic 
Wcewere^^ 

■" ! Elect ^"Ysiolopir f ,i Recording in thrhmnocam^,. nf ^ 
micg; Five to six months old Utter mate control and human PSl,^ 
transgenic mice on the same CS7BU6 x FVB strain backgrounds as above were used 
to study long term potentiation (LTP) as an electrophysiologic correlate of learning 
and mem ry in the hippocampus. Recordings were carried out on 400 urn thick 
hippocampal slices according to conventional techniques. Briefly, brains were 
removed and transverse sections coWuung luppocampi were obtained witmn 1 mm 
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after mice were dec^itated under halbthahe anesthesia. Slices were kept at room 
temperature in oxygenated artificial cere fluid for one hour prior to 

recording. One slice at a tinie was transfer^ to the recording chamber, vvhere they 
were maintained at 32 °C in an interface be^ cerebrospinal 
5 fluid and humidified air. Slices were then allowed to equiHbrate in the recording 
cha 

Extrradlul^ in the GA l stibfieid of the 

hippocampus at the Schaeffer collate Synaptic responses 

were induced by the stimulation^^ 

10 an inte^ty of 30-50 % 

consisted of 5 trains of 1 00 Hz stimulation lasting^ for 200 iris at an interti^ri inteiVal 
of 10 seconds. Field potentials were recorded using an Axbpatch 200B amplifier 
(Axon Instrument). Glass pipettes were fabricated fit>m bon)siticate glass with an 
outer dimeter of ^ 

15 acquired on a 486-IBM compatible computer us^ 
Instrument). 

differences in paired-pulse facilitation, which is; an example of luM^ increase 
in synaptic efficacy ^d is considered to be presynaptic in origin. In hippocampus, 

20 when two stimuli are delivered tp the Scha^^ 

pulsed to the second 

stimulus as the interstimulus interval gets shorter. In three pairs of wild- 
type/transgenic mice, we did riot observe any difference in the paired-pulse facilitation 
over an interstimulus interval range of 20 ms to 1 sec. These data suggest that in 

25 ps 1mi46v mutant transgenic mice, the excitability of Schaefrer^ ro fibers and 

neurotransmitter release are likely to be normal. 

Tetanic stimulation induced a long-lasting increase in the synaptic strength 
in both control (n = 3) and PSl^^ mutant transgenic mice (n = 2). In slices obtained 
from the PS 1 MU6V mutant transgenic mice, long-lasting increase in the synaptic 

30 strength was 30.% more than that obtained from control mice. 
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Although preferred embodiments of the invention have been described 
herein in detail, it will be understood by those skilled in the art that variations may be 
made thereto without departing from the spirit of the invention or the scope of the 

appended claims. 
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SEQUENCE LISTING 

(1) GENERAL I N FORMAT I ON : 



(i) APPLICANT: ST. GEORGE-H YSLOP, PETER -H " 

( iii J NUMBER OF SEQUENCES: 12 

(iv) CORRESPONDENCE ADDRESS: 

si S?Drf5 SE 5iw Siin & McBurney- v 

• (D) STATE: Ontario 
• : -E COUNTRY: Canada • 

. ( F) . ZIP : MSG 1R7 ... " ■ • 

(V) COMPUTER READABLE' FORM* 

(A) MEDIUM TYPE: Floppy disk 
B COMPUTER : I BM>C combat ible 
C OPERATING SYSTEM PC?D0S/MS-0O^ 
; (D) SOFTWARE ?; . F..*„«n- -SeSSLT^fS; Version 11, 30 

< vi ) CURRENT. APPLICATION: DATA: 

(A) APPLICATION NUMBER- 

• - (,C) ■ CLASSIFICATION: ^ " ?? . ' - • ■ 

( vii ) PRI OR : APPLICATlbN^ ; 

In APPLICATION NUMBER: US OB/5 92 5 41 
( B ) FILI Np DATE : 2 6- JAN - 1 9 96 * 5 41 

(Vii) PRIOR APPLI CAT I ON DATA : 

!S APPLICATION NUMBER: US 6 0/021 673 
( B) : FILING; DATE :. 05- JUL-1996 " ' 

(vii) PRIOR: APPLICATION DATA- 

/ d I APPLI CATI ON: NUMBER : US 60/021, 700 
(B) FILING DATE:. 12- JUL^ 1 9 9 6 

(vii ) PRIOR AP P L I CATI ON ".. DATA : 

!n } 5? PLI CATION NUMBER: US 60/029, 895 
(B) FILING DATE :. 08-NOV-l 99 6 

(vii) PRIOR APPLicATION DATA: 

(viii) ATTORNEY /AGENT INFORMATION: 
|A ) : NAME : RAE f Pat ricia : A.'; : 

( iK ) ^ ? J F ^ SJ 2? 2 5*' ^ ^ ^ 1 6 N : I N F 0 R M A T I ON : 

(A) TELEPHONE : (4 16) 5 95-1155 
( B J TELEFAX : ( 41 6 ): 5 9 5-1 163 

^■^?PRHATXP.N'"' FQR , S EQ I D NO : 1 : 

(1) S EQUENC E CHARACTER I S tl C S : 

( A) LENGTH: :: 1330 base pairs 

( B ) TYPE : nucleic acid 

!S! 5ISi NDEDNESS: single 
. (D) TOPOLOGY:" linear. 

(ix) 'FEATURE: . 

(A) NAME /KEY: CDS 

(B) LOCATION : 145. .1275 

t.P> OTHER INFORMATION: /product" -S5a" 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
AATTCCCAAA TGACCTTTTA TTTCATACAG AGATACAAAG GCAACTATGT GCAGCAACAA 
TCTGATGGGC AGTCCAAACT CTTGGGAGGA AGTAAATTCA TGGTAAATGT CATGATGGCG 
GTCGGGAGGG AGGAAGGTGG CAAG ATG GTG TTG GAA AGC ACT ATG GTG TGT 

Met yal Leu Glu Ser Thr Met Val Cys 

m sj as si sts m «? tn a a* & & «. 

" s "» «• HI i" SJ S5 SK JB «r IS SK Rf sj 

35 



(2) 



60 
120 
171 

219 

267 



7 //A / 
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■'.hs r.i ■ ks ?|| its jjs "s si? !g : jf** - a? ii| g: * 
;si ss; si? s .mi ?s; s--tg-i^*g s?f..sjiil ui mJ\J'} 
iA^m^niinm i & »»' ■»«..« - gr 



y 



1 s* as m m it m : mm f| i 

115 120 



.„ .. . . 360 

82 - - 1 » » iftK'jjf gts&s: |- k 8 ? : 

TGAGACTGGA GGGAAAGGGT AGCTGAGTCT GCTTAGGGAC TGCATGGGGG AATTC 
<2l INFORMATION FOR. SEQ ID HO: 2 : 

U> SEQUENCE CHARACTERISTICS i 

('b! t53f? H * 377 an >i"o acids 
(S) TYPE: ammo acid 

iO) TOPOLOGY: linear 
(ii) MOLECULE TYPE: protein 



411 



4 5 9. 



507 



55 5! 



y 7 4 7 



195 ** e -u.ux-y Leu Gl^ 

Iff S ^ ^" -" ^ ^ 



108 3: 



sis hi «f is asm upas g« « f 

a ' ? " "™ 1! » ss -sir*?: f imm si is ' »» 



M31 



1179 



1275 



1330 
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(xi) SEQUENCE DESCRIPTION: SEQ 10 N0:2: 
Met »,i Leu Glu Ser Thr .Met. Val Cys Val Asp Asn Ser Glu Tyr Met 
Arg Asn Gly As Phe leu Pro Thr Ar ? Leu Gin Ala Gin Gin Asp. Ala 

val Asn. lie Val Cys His Ser Lvs Thr A?9 Ser Asn Pro Glu.Asn.Ash 

" u AS . . 

val Gig Leu He Thr Leu- Ala Asn; Asp Cys Glu Val Leu Thr Thr Leu 

Thr Pro Asp Thr Gly Arg lie Leu Ser Lys Leu. His Thr Val Gin Pro 

75 ••80-: 

Lys Gly. Ly S: II, Thr Phe Cys : Thr Gly lie Arg .Va.l. Ala His. Leu Ala 

• ' - 90 95 

L6U LyS HiS ?§g Gi " GiV L ^ Asn ft§ Lys «,t At, lie iii; Ala Phe 

Val Gly Ser Pro Val Glu Asp Asn; Glu Lys Asp Leu Val Lys Leu Ala '' 

u 125 
. LyS ?[g: Leu ; Lys Lys Glu Ljs val Asn vai W-JVl. Asn. Phe Gly . 

14 5 °* V G1U Val A3" Thx ;Glui :Ly, v .Le„ Thr Ala, Phe ival Asn- Thr . Leu ' - 
■ ■ 15 5. ,1 60 ■ 

Ash Gly ; Ly, Asp Gly Thr Gly Ser His! Leu Val Thr val Pro Pro civr ^ 

* i?0 . ... 17 5.. 

Pf0 s « r ^» Ala Asp Aia Leu lie Ser Ser Pro He Leu Ala Gly Glu 

• G ^- G1 y $|| » L *±U$ A " Ml; a »r; ph? ^ • GTy V ai z 

ASP 210 Ser * la Asp Pr ° Leu Aia Leu Ma Leu A rg vai ser Met 

225 Giu Gin Arg Gin Arg Gin Glu Glu . Glu Ala ! Ar g Arg Ala Ala Ala 
• • ■ ■ 23? . /• 240 

..Ala. ser. Ala Ala Glu Ala Gly lie; Ala Thr Thr Gly, Thr Glu Asp ser •• 

Asp Asp Ala Leu Leu Lys Met Thr rie Ser Gin Gin Glu Phe Gly Arg 

• !' ' 2'6S • 27 0 . . • .. 

Thl Gly ftg **• Asp Leu Ser- ser Met Thr Glu Glu ; G lu Gin He: Ala ■ 

- - U 28 5-. 

Tyr. Ala Met, Gin Met Ser Leu Gin Gly Ala Glu Phe Gly Gin Ala Glu 

* ■■ ■ 3 0.0 

305 Ala A •''^^^■*^^;«»:^■^J2:■' 8 f?^S.«> Met Asp Thr Ser Glu Pro Ala 

Lys Glu Glu Asp Asp Tyr Aspval Met Gin Asp Pro Glu Phe Leu Gin 

J " 3 30 335 : 

Ser Val Leu Glu Asn Leu Pro Gly Val Asp Pro "Asn Asn Glu Ala 11* 

345 350 
Arg Asn Ala. Met Gly Ser Leu Ala Ser Gin Ala. Thr Lgs Asp. Gly Lys .. 

LyS 37§ LyS LyS Glu G * U Lys h * s 

(2) INFORMATION FOR SEO ID NO:3: 

(i) SEQUENCE CHARACTERISTICS : 

(A) . LENGTH: 38 4 1 base pairs 

(B) TYPE: nucleic acid : 

(C) STRANDEDNESS : sinole 
(DJ TOPOLOGY: linear 

(ix> FEATURE: 

(A j NAME/KEY: CDS 

<B) LOCATION: 2 . . 3121 

<ix) FEATURE: 

(A) NAME /KEY: raise feature 
<BT LOCATION: 1..3F41 

(D) OTHER INFORMATION: /note- "GT2 4" 
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SEQ ID NO: 3; 



tsnfKrassg « f «c c 5 c j|j': f i c*c c S2 cj| l c=c: 

8* SIS f £< ® f f ^■^'^iJK.'^-SS - 



5 



60 



S£: g|| Ui as. ;«? jf,^ jk gf. « ? . «| =| c« c« cjc 

1 §?5 ss? if £lf jfe a* m §f MtiiM § m 



CAG CGC GGC GGC 
Gin Arg Gly Gly 

GGC TCC TCG CCC 
Gly Ser Ser Pro 
115 

ACC AGC TCG CCC 
Thr Ser Ser Pro 
2 30 

ATC CGC GTG. ACC 
lie Arg Val Thr 



■ -■ • . . 125 " "' 

™ !i s " '» ® ■ n ^ 



■ • . 1 7 0 1 7 5 

: ^t^ii* *s ??f -.as m mm mmmm 

:^^mmm m m m mm m m^m ^ 

»*& ill iSl js $£j is; ;k f|f is ig f*. jg af g 

' "' 3 3 00 - 



GCC 
Ala 



CAG 
Gin 
320 

CCT 
Pro 



AGC 
Ser 
305 

CTG 
Leu 



GCf 
Ala 



TAT GCC 
Tyr Ala 



CAG TAT 
Gin Tyr 

CTC CCG 
Leu Pro 



°" ui °" j;; "itii at sfs "? 



AGC 
Ser 



ATT 
He 



CAG AAA 
Gin Lys 
355 



TGT CCC 
Cys Pro 
32 5 

CCT GAA 

Pro Glu 
340 

GAT CCC 

Asp Pro 



TCT 
Ser 



GGC 
Gly 

AG A 
Arg 



CCG GAA GTG ATT CAG ATG TTG 



ni : as in |" ;»f . ffi {mjcc a c 

330 

ACC TTG GCC AGG TCC" CCG TCC ATT riT : 

Thr Leu Ala Arg. Ser Pro Ser ft* Ssp 
j«:> 350 - 

r?n SI T S? A TGG , AGA GAC CCG GAA CTr 
Glu Phe Gly Trp Arg Asp Pro §?S KS- 

Jo J 

CAG CAC CAG TTT CCC TCG GTC CAG TCT 



. 46 
94 v 
•• .14 2"' 
190 
238 
28 6 

3 3 4 

4 30 • 

• -4 7.8.:.".... 

52 6 

. - S^- • ' 
622 

•6.70 • 

718 . 
766 
814 
8 62 
910 
95 8 
100 6 
1054 
1102 
1150 
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67? fnr *" 6 *» Ala Ala GXy Ala" Gin 

s» Jif- as a: i?5 ss ks ?r sis 5S »s «s s« ?i: s- 
sgss ss si? a sg-gs : 5if a &fg'&ss as sig-ge 
ess as «? as jjj st; as jr »s ^ gjs si? s?i g? 

74 * 750 ■ 



1 1 9 8 
1246 
1294 
1 3 4 2 



1438 
1-4 8 6 



te|g*Ste US ^ - - £ j» -jjj „j, 

.i "* ^ '« "° i "J "* .ffi § sj. ss - * 

;r? g #^:^^. } ^.|« ~. 
# ft* ||p : jj* { r< ™ - »i ^ | f — 

■ ** •■ .. : •• ^"?P 4 95 ' ' 

" f " ? - - i si iSSii §^WlH&iSs:: !: ■■ 
s If! ^5: = sis £?; si^ ssr e:s : 

£ " J « I j§ » mm jpw msfisfs m 5 
SI. w re ;in m ft'mijjf&w i|j's?j a ofe 

_ ■ ' 650 ' -655 



1582 
167 8 



GGG TGC 1870 
— - -,r Gly Cys 9 
62 0 Y y 



1918 
19 6 6 



" ! "° "* us - re gar* a? sis Kj lis »». 

?55 SFSi |» gS St fK lJS tfM Sfj g?e & * SI }? c 



2062 



2110 



2158 



2 20 6 



2254 
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2 3 02 
2 35 0 
2 3 98 
; 2 4 4 6 
2 4 94 
2.5:4 2 



GAA GTG AT'" arr »i> w 

. JGG CAG .TAC CGA GAT CTr "a^ ' " 830 

840 7 - ys A3 P Gly Trp Sex 

CAA TAC CAr ttt . 845 

«^.r-,«!,m.^»,SfS. gf jg .J, |{: .05 j. g. : r 

-AGG CCC TAC Trr " , 860 . y An 

»» •» - III - >" x m:p^mtv : ^ 

B^^^mm^g^d^^ 

mm a** t ^ x ^ 
E«* «»«.&« 

GAA C T G AA C TAT r a »' ^ 1050 yX Ser 

CACAACACAT TTCTTTCTGT TTTGGTTTTT TTCTCCTrr. 

GTTCCATAGG AAGGCTGTGA TAACCAGTAA A ""AGTTT GTTAAAGCCT 

AA-GA.T CG CAAGTXAAC* TGgScAG ■ TTAGAAAGCT 

CtCCGCAGCA CC TTIC „AG C G TG T T N T G T ^ """"" 
CGTGGGTTGN TTGGTAGGGT GGAGKC AG ££££ "™ 
GTTAAGC ACA AGACACAGAA TAGTTTACAC A CTGTrT "*'*GGCGT AAGGGTTATC 

"TACTCTCT TCATCCGTTG TGACTCTAGG """^ ^^ TCACGCTTTG 
GCAAGATGTT TCTTGCCTTT TGTTAATGCA ^*^^* CCTCTGTACA 

ATTAAAGAAG HAAAGCGCGT TGTGTATATT 6TAT ""« TACATTACAG 

GGTTCTAAAT ATTGCTTCAA TTTCNAACTT T T G^'A A G A T ^ * ^ G C C G T G T T T CC TC A TCX A T 

TTGAAAGATG TATGGATTTC CAGTTTTTCT 



UAA ATG >fiflc 
830^ ~ — r.^? Arg Glu Met : • b86 : 
■ - 895 
■T.fiP irr. 

.2 7 3 4; ; 



. . 28 78 
2 92 6 
2974 
3022 
- 3070 
3118 
3171 



3231 
.32 91 
3351 
3411 
3471 
3 531 
3591 

365 1 
37U 

3771 



WO 97/27296 



PCT/CA97/00051 



-102- 

TT ACTTTCTC CCAGTATGTT TTAACCNMMN AAAAAAAAAA A AAA AAA AAA AAAAAAAAAA 3831 
AAAACTCGAG 



(2) INFORMATION FOR SEQ ID NO: 4: 

. (i) SEQUENCE CHARACTERISTICS: 

... (A) LENGTH: 1040 amino acids 
... (B) TYPE: amino- acid ' 
<D) TOPOLOGY: linear 

<ii) MOLECULE TYPE : protein 
<xi) SEQUENCE DESCRI PTION : SEQ ID NO :':4 1 : 
Ser Gin Leu Pro Ala A-r* Gly.iThr Gin . Ala- Arg. Xaa Thr Gly Gin- Ser 

Phe Ser Gin Gl£ Thr Thr Sex^Ar^Ala Giy His Leu Ala Glj Pro Glu 

Pro Ala Pro Pro Pro Pro Pro Xaa Pro Arg Glu Pro Phe Ala Pro Ser 

. ... 40. .; "4-5 ■- ■•■ 

LeU G iX . Ser Ala Phe His Leu Pro Asp Ala Fro Pro Ala, Ala Ala Ala: 
,-6 5 Ala LelJ : T y r T y r Ser xaa Ser Thr Leu Pro Ala Pro Pro Arg Gly 

- v; \ ' . ■- -■-■'. ::: .7 ■ : ;X\^B;o^ 

Giy. Ser J Pro Leu Ala Ala Pro: Gin Gly Gly Ser:. Pro Thr Lys Leu Gin 

- 90 .' 95 

Axg Gly- Gly Ser : A1*-? xjj ^Glu^Gly; Ala Thr Tyr Ala Ala Pro Arg Gly 

Ser Ser .RrS Lys Gin Ser PrbV Ser Arg Leu Ali Lys Ser Tyr Ser Thr 

Ser Hi Pro Me Asn He Val Val Ser Ser Ala Leu Ser Pro lie 

Arg val . Thr, Ser Pro Pro Thriva Gin Ser -Thr lie Ser Ser Ser - Pro * 

■ : " : • 1>U ■ ,155, .-,.1.60 

lie His Gin Leu Ser Ser Thr lie! Giy Thr f yr Ala Thr Leu Ser Pro 

• ■ .. 170 ■ . " ; 175 ;.: • 

The Lys Arg Leu Val His Ala Ser Glu Gin Tyr Ser Lys His Ser Gin 
r ', . IBS- 1:90 

Glu Leu Tvr Ala Thr Ala Thr Leu Gin Arg Pro Gly Ser Leu Ala Ala 

' : 2 0 0 -., . - 205 \: 

Gly Ser Arg: Ala ser *yr Ser : Ser Gin His Gly His Leu Gly Pro Glu 

• - * :1:U :■ 215. ; . ■■ ...2 20 ... 

Leu Arg Ala Leu Gin Ser Pro Glu His His He Asp Pro lie Tyr Glu 

■ ' • • 2 ? ° : 2 3 5 . . 2 40 

Asp Arg. val Tyr. Gin Lyi Pro Pro Met Arq Ser Leu: Ser Gin Ser Gin 

■ ■ ■ 25 0 25.5 \ 

Gly Pro Leu Pro Pro Ala His Thr Gly Thr Tyr Arg Thr Ser Thr 

■ <b0 2 65 270 ' 

Ala Pro Ser Ser Pro Gly Val Asg Ser Val Pro Leu Gin Arg Thr Gly 

Ser 290 HiS Gly Pro Gln Agn Ala Ala Ala Ala Thr Phe Gin Arg Ala 

• ■ * 9 b * . • 300- 

Ser Tyr Ala Ala Gly Pro; Ala. Set Asn Tyr Ala Asp Pro Tyr. Arg Gin 

Leu Gin Tyr Cys Pro Ser Val Glu Ser Pro Tyr Ser Lys Ser Gly Pro 
325 >3 0 335 

Ala Leu Pro Pro Glu Gly Thr Leu Ala Arg Ser Pro Ser lie Asp Ser 
J *° 3 45 350 

He Gin Lys Asp Pro Arg Glu Phe Gly Trp Arg Asp Pro Glu Leu Pro 
J " 360 365 

Glu Val lie Gin Met Leu Gin His Gin Phe Pro Ser val Gin Ser Ash 

375 38O 

Ala Ala Ala Tyr Leu Gin His Leu Cys Phe Gly Asp Asn Lys lie Lys 

390 395 460 

Ala Glu lie Arg Arc Gin Gly Gly lie Gin Leu Leu Val Asp Leu Leu 
. 410 415 



3 841 
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Asp „ is Arg M Thr Vfll His ^ ser Aia cys c ^ 

«Z5 430 ■ 

Asn. Leu Val.Tyr Gly Lys Ala Asn Asp Asp Asn Lys lie Ala Leu Lys. 

A.„ cys 01? Gly lie Pro Ala Leu y a l Arg Leu Leu Arg. Lys Thr Thr- 

460 

A||: Leu Glu i le Arg Glu Leu-^aX Thx Gly val Leu Trp Asn ,,.-„■ Ser 

' ■■ :' ' .:. • .. 475 - -?V' . .? 4 80 

ser c y s Asp Ala Leu Lys Met Pro lie He ru & i 

4 85 Jin - Asp Ala Leu Ala Val 

Leu Thr as„ Ala Val lie lie Pr o ;W ser Gly Trp ; Giu Asn Ser ; ,ro 

: J*? 0 . . 5 10 

Leu Gl„ Asp Asp Arg Lys lie- |ln Leu His Ser Ser Gin Val Leu Arg 
: ' As n. Aia T„r Gly. Cys ^eu A^As n ; V^ Sex Sex ' Ala ' Gly Glu- Glu Ala 

. .Ari Arg Arg Met Arg GXu cys. As p : Gl y ; Leu Thr Asp- Ala Leu Leu^ Tyxl 

• -555.. 5 60 

Val Iie Gin Ser Ala Leu Gl v 'Ser Ser r vii rvi' * - . „ • . • 

• 565 - ^ ■ - ?iS .lie Asp Ser. Lys Thr. Val. 

. . • •- . 5.79. 575 

, G1U *™. C ? s v §£ Gys lie; tfu Arg Asn Leu Ser Tyr Arg :Leu. Ala Ala 

. ... 3 8 5 ■ ■ ' - ■ ,. 5 : : :- 

G1U III G1 " Gly G1 " His 2§ 0 "y>"- Asp Glu Leu Asp Gly Leu';; 
605 

. y^ U |p Gly Glu Ala Asn Gly^Lys Asp Ala Glu- Ser Ser Gly Cy S : Trp - 
M L9S l Vs ^ Lys ^ . lys : lyr Set Gin Asp - Gin Trp Asp Gly Vai 

, . _ v. -, : ' .I' ■■ :. v " • • :*;}:S 635 - • V*V "i--; • • 64 0 

^ "ro Leu; Pro A |? Cys . Ala Glu Pro Pro Lys Gly lie Gin Met Leu " 

...v.-.:"- ?V ! . . '! 655 

Trp His Pro Ser lie Val Lys Pro Tyr Leu Thr Leu Leu Ser Glu Cys ^ 

665 .' 67 0 3 

A«n Pxo ; Asp. Thr Leu Glu Gly Ala Ala Gly .^la Leu- Glh As^ Leu 

Ala j^S G1 r »•* T fP Lys Tr| Ser Val Tyr lie Arg Ala Ala Val Arg/ 

; 7 0 | G1U l,S G1 ^ eU '^ Leu vai L? u Leu Ar, lie Asp Asn / 

Asp Arg. val Val c ? s Aia Val- Ala Thr Ala Leu Arg Asn Met Aia Leu 

7 ?° :'" 735 

ASP ^JS; ^ Glu Uu nejlj Lys Tyr- Ala Met Arg. As P; Leu, ; 

V*l His Ar|- Leu Pro Gly Giy/Asn Asn Ser Asn, Asn Thr Ala Ser i ys ; ' 

' .*** ?$l Th < Ala Vf> Cys /cys Thr Leu H«; Glu- 

val rie Thr Lys Asn Met Glu Asn Ala Lys Ala Leu Arg Asp Ala Gly . 
Cly lie Glu Lys Leu Val Gly He Ser Lys Ser Lys Gly Asp Lys lis 

Ser Pro Lys Val Val Lys Ala Ala c or . r i. « * \ 

820 y * Ala Ser Gin Val Leu Asn Ser Met Trp 

825 830 p 

G1 " 7 >< til A3 > Le " S « -S-u ^ ^s A, P f ly Trp ser Gin ■ 

Tyr His Phe val Ala Ser Ser Ser Thr He Glu Axg Asp Arg Gin Ar, 

I" Tyr ser Ser Ser Arg Thr. Pro Ser lie Sex Pro Val Arg Val Ser 
D ....*.. 875 880 

Pro Asn Asn Ar, Ser Ala Ser Ala Pro Ala Ser Pro Arg Glu Met !ie 

Ser LeU Lys Glu Arg Lys Thr Asp Tyr Glu Cys Thr Gly Ser IZ Ala 

910 

Thr Tyr His Gly Gly Lys Gly f lu His Thr Ser Ar, Lys Asp Ala He t 
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Thr Ala Gin Asn Thr Glv lie <:<»»• tkv i„ ■■' 

. 930 Ser The Leu Tyr Arg Asn Ser Tyr Gly 

Aia Pro Ala Glu Asp lie Lys His Asn Gln Wi-Ser Ala Gin 

9 55- 



Pro Vai 
960 



Pr?Gln " f?r0 Hl Arg AS P .^flu t„r Tyr Gin Pro ,He 01, 

A - Se ' $8 r 8 ASn T " r AS > Glu iff Phe-Glu Asp Gin v a T „ is 

His Ar9 »f pro Ala ser ^-Tj 0 v*w 'w^-^S *y, S„ 

Thr Giy o A S „ Tyr Vai Asp Pg.Tyr Ser Ala Ala ^p.o Ty , ,. s , eil 



Uu 5 As„ Tyr ciu Inr Serais ^yr^Aia' Se,P:o Asp Ser . Trp: vai 

103 5 104 



1 ■ 

0 



<2 > INFORMATION FOR SEQ ID NO : 5 • 

' : '" v - li) SEQiOENCE CHARACTERISTicS: 

(A) LENGTH: 3907 base oairs 

B) TYPE: nucieic acid? 
(O) STRANDEDNESS : single 
CD) TOPOLOGY: linear 

<ix) FEATURE: 

(A) NAME /KEY : CDS . 

IB) LOCATION: 142. .3777 

(p); OTHER. INFORMATION : /note- «p007 J' 



CTACTGTTGT. TTTTGAGGGG CGGGCAGCCG CGCCGCCGCG GCACTTTTTT AATTTTTTCG 
GGT.G.CCGCAG CAGCGACCCC TCGCCGCCGA TGTCCCTGAT CCCTGGAGCG ACGACGGCCG 
C, G CCTA,GC ^-jaigj-ecj 0AG «G GCC TCA TTGGTG 

. K. ft if?- ft i|| ^ «f gtf §]* jfi^' TOO ACT GGC CCA : 

tf» . J££ Tnl *II ^JCCCXC AAG 

.65 '90 

is; jb e* rg. a a*-.sf e^g. .«« SII; ,„ 

«S SI ^ HI ffS'SSS m.VS g IIS 8f? ® i;« - - 

i« .*g in ?" I™ s" §}; g{; £ ss-kss f S ifs "s» : 
*"• Hs - ss $ is ?s; st; s:s sg ;» - «« 

$ .U IS? S» "5 H 1?P SSI SB m g?g S"5 5J? is' 
8! Ki B? KJ $ IfS SJS SK ™ jg lit « IS «J gS K 

s?r snsif sn « is? » a » w S{ . «. «„ „ ::: 



60 
12 0 
171 

219 

2 67 
315 

3 63 

4 U 

4 59 

507 
555 
603 
651 
699 



747 
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■ l - «• lit ! " M ^ &i $ 5 si ss; K ; ||i |« ih'jjj 

Iff Ul Si m EJS iPy.iV, 2" III 155 1ST S5S &» ■«* ; 

- * ' * . . 2 80 



795 



8 91 



9 39 



1°8 3 ; 
1131 ■ 



|i mmm n § II § U m rnm^Z 

4J5 -44 0 



1419. 
14 67 



■ ?» f wr^ii: ?§ in i?s ^ ss; a^f^ j**^';, »«. 

$ « E s?4ss ??? 55 fipts ss ?:? ^ »«« 

ss K.ma;jgjB si as sfi ^ Sssiu'8r.^:Sv •-•» 
*s & }ii.«jr ||f ?k "s jjs hi £ m 

m K f|| a? sj 55 its ns 55 §}= S1 c ..^ ::: £ „ g , s 

85 IH - '» & * ftfs m: si sa s| ?;= «« la'cj. 
m " ; ? " "Mrs « 5 - ss? ff| si? # si* ui |?e 

«« »TC »»0 C»T CO ,„ „c „T CTG «C C.C .0. 0,T „« £ t 



1707 

17 55 

18 03 
1651 
1899 
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.2 04 3 
2091 
213 9 
2187 
22 3 5 
2-2.8.3 
2 331 



"«Y .1. ly. ... l„ »„ »„ P ... i..^.,, ,„ t „ „,„ vj , 

s ^ s - SS^fir;«MfJ S£S -KJ «S ?ii ; K ||c jc, 

• 660- 6 6 5' 

„ ^a: gj; i» ; ;k ^ ?n: 

11^ i« £« sir |f| ^; ;^ pj; j» 
; ■ Hf^WSi m fWf|S; af ifj5f%;:i: «* 1 & 

•'^W&skw 
^;^a si^mm Mm pfkr?rs &sf 

'W'-^Wt %mWm$mmm.&rzk 

a? srgj »mals si as ;? r 

Sf {pi si; jg iff gf5 155 atlli;; § f5 - 

S| }R : £n:S! 8! ffi K 'jSJ S ?i| iriiifj «r SII 

« «* Bf *" IS' " s &• * i S r s kss as S 

as a ?u aj as is si ss |?| aisss as as g; is sss 
as te is si; jg is? #'m sf-sgsj sins 
ss HI a: eh' as its jrj ?s? as at as si? as as as s 

" ° 9 50 



237 9 :. 



2 427 



2475 



2523 



2571 



2 619 



26 67 



2 715 



2763 



2811 



2859 



2 90 7 



2955 



AAA 3003 
ys 



PCT/CA97/00051 



?i! 2.' ks a* is;: if? # ?u asrssig sf - ... 
is; ss if; ™p ^a? «; ss £ -sif - - gj^ gc 

iP? k; zm^jzm a? m^m m j«: W 



1080 

.10 95 

■C 

H 



i5= '« ««*«„c „« tMI „ „ ete>Aact ca>=issa ^ :C 

GAATGAATGA AGTGTGTTTf TTTTTrr'^; „ • ' • 

AGCTTAT.CGA T»CC«C«C ^GAGGAATT ATCAGGGGAA TTCGATATCA ,„ 7 



(2) INFORMATION FOR SEQ I0 : NO; 6 : 

U> SEQUENCE CHARACTERISTICS • 

J5; I_ E: an iino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE U protein 
(Xi| SEQUENCE DESCRIPTION: SEQ ID NO-6- 
-J Pro Aia Pro Glu ftla ser ^ ^ ^ 

«r Ar g G1 „ Gig Aia Ala Se t , hr „ f Pro 61y Met Giu ,„ ^ ^ 

- - Th| Thr „. Leu Ala .„ val L/s ciu Gin j; cin 

«- Leu Thr flrg Giu L| „ Glu ^ ^ a ^ ^ 



305 2 
30 99 
: 314 7 
3 19 5 
3 2 4 3 
329U 
.3339 
3 38 7 
3 4 35 " 
34 83 
^'3 5'3'i : --- : 

': 3 57 9:. 

': : '3 : 62 7;.;; • 

3 67 5 
37 2 3 



37 71 



3827 



3 907 
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Gin Leu Glu Arg Cys Arg Leu Gly Ala Glu Ser Pro Ser He Ala S|r 
Thr SCr . SelThr G 85 Ser Phe Pto Trg Arg Ser Thr Asp Val Pro 

Ash Thr Gly: Val Ser Lys Pro Arg Val. Ser. Asp Ala Val Gin Pro Asn " 

• *?y \0St .... .110 

• Ash : Tyr leOle Arg Thr Glu Pro Glu Glh.Gly T hr Leu Tyr Ser Pro. . 
* x 3 12 0 12 5 

. G1U :i30 . T ^-:. ?, Cr LeU Hi ^f^:; : Ser G : ^ u Gly ser Leu Gly Asn Ser Arg " ■ ■ 

Ser Ser Thr Gin Met Asn Ser Tyr : Ser Asp. Ser Gly Tyr Gin Glu Ala ■'■ ' 

130 155. .. i6o 

Gly ser Phe. : His Asn Ser Gin Asn Val Ser ; Lys Ala Asp Asn Arg ' Gin. : " 

- lo5 170 175.: 

G £ n : His Ser Phe lie Gly Ser Thr Asn Asn His Val Val Arg Asn ser 

Arg Ala Glu Gly Gin Thr Leu Val Gin Pro Ser Val Ala Ash Arg Ala 

: .200 . 205 

Met Axo Arg: Val Ser Ser Val -Pro Ser . Arg- Ala -Gin i'se r- Pro Ser -Tyr 

. * f V ' ■ *2--15: ■ • ■ ■2 2 0 ■ • - ■ ... 

■ Val ile : Ser .Thr Gly Val Ser Wd Ser :Arg /Gly . Ser' Le u ' Ar^. Thr" Ser 

• ■ ■ 2 -3A . .,,..235'. ■■ » ■■;;-;_ 2 '4 0.'' : ." 

Leu Gly, Ser - Gly Phe ciy Ser Pro Ser Val Thr Asp Pro Arg. Pro" Leu " 

*7.:P *;.... 250- 255 

Asn Pro Ser. Ala Tyr Ser Ser Thr Thr; Leu Pro Ala Ala Arg Ala Ala " 

26 ? " : 270 ' 

Ser Pro Tvr Ser = Gin Arg Pro . Ala: Ser Pro Thr Ala: lie Arg Arg .lie 
■ 2 75 2 BO 2 85 • . . 

: Gly sex Val : Thr: Ser Arg. Gin : Thr . Ser Asn . Pro Asn . Gly Pro. Thr.: Pro '. 

. t y \J .-. - 295 : . .. 3 0 0 

Gin. Tyr Gin Thr Thr Ala Arg Val Gly Ser Pro Leu Thr Leu Thr Asp 

. 3 f9 ........ 31.5...; 32 b' 

Ala Gin Thr Arg vai Ala Ser Pro Ser Gin Gly Gin Val Gly Ser Ser 

• ' -32:5. - . 3;3;0.. .. .3.35 . 

Ser Pro Lys Arg Ser Gly Met Thr Ala Val Pro Gin His Leu Gly Pro 

340 ■■■■■ ■ . • ■ ■ 34 5 ••• . 350 

Ser Leu Gin Arg Thr val His Asp Met Glu Gin Phe Gly Gin Gin Gin 

3.5 5..... .360 ' 365' * 

Tyr. Asp , lie . Tyr Glu Arg Met. Val Pro Pro Arg Pxo Asp Ser Leu Thr : 

J ' u , 3 7 5 3 8 0 

tb£ ^?V: ^rg;;;.Ser';;Se;r . Tyr Ala ..Ser Gin His Ser Glh Leu Gly Gin - Asp : ' 

3H5...... ..3?p.. 3 9 5 : ' • • ■ /■ ■ ;-4op -- ' 

Leir Arg Ser -Ala Val Se r Pro*: Asp-' Leu Hi s : lie Thr Pro lie Tyr.; Glu 
..,-\4 05 # • 410 ..... 4I5.;.. 

Gly Arg Thr ; Tyr Tyr Ser Pro Val Tyr Arg Ser Pro Asn His Gly Thr ■ " 
4 20 42 5 430 

Vai Glu Leu, Gin Gly Ser Gin Thr ila Leu Tyr. Arg Thr Gly Val Ser 

"•".*: 4 J 5 • -.. 4 40 4'.4.5" ".. . 

Gly lie. Gly Asn Leu. Gin Arg^. Thr Ser Ser Gin Ar j Sex Thr Leu' Thr 

Tyr Glh Arg Asn Ash Tyr Ala Leu Ash Thr Thr Ala Thr Tyr Ala Glu 
.. 470 475 7 480 

Pro Tyr Arg Pro lie Gin tyr Arg Val Glh Glu Cys Asn Tyr Ash Arg 
485. 490 495 

Leu Gin His Ala Val Pro Ala Asp Asp Gly Thr Thr Arg Ser Pro- Ser 
50 P 505 510 

lie Asp Ser He Gin Lys Asp Pro Arg Glu Phe Ala Trp Arg Asp Pro 
515 52 0 5 25 

Glu Leu Pro Glu Vai lie His Met Leu Glu His Glh Phe Pro Ser Val 

535 540 

Gin Ala Asn Ala Ala Ala Tyr Leu Gin His Leu Cys Phe Gly Asp Asn 

550 555 560 

Lys Val Lys Met Glu Val Cys Arg Leu Gly Gly He Lys His Leu Val 
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565 ^ 370 575- 

ASP LeU LeU ..§18 HiS ; Ar '> A «u Val Gin Lys A ,„ Ai. cy. Gly 

Ala Leu §|? As„ Leu Val Phe Gl| L ys Ser Thr Asp Glu Asn Ly, lie 

6?S Ll,S A ^ " 31 Gly iir Ile '« Ala teu Leu a", Leu L eu Arg 
g|- Ser. lie Asp. Ala . Glu -^al Arg. Glu Leu Val Thr Gly Val Leu Trp • 

. Asn Leu. Ser Sex; Cy|;*; S p . Ala Val. Ly|; Mt. fhr lie lie. A^: Asp .Ala 

6 5° 655 
• Leu ser Thx Leu Thr- A,„. Th . r Val Ue Val ProyHis Ser Gly Trp Asn. 

ASn A »P ; ^P Asp His Lys Ile Ly S Phe Glh Thr. Ser^ Leu > 

■ . 685 

Val 690 Asn' Thr. Thr Gly Cys Leu Arg Asn Leu Thr Ser Ala Gly 

700 - 

V . ?ft Ala ^ L VS. Glh ^e t ^ g ser dy, diu Gly Leu. Vai Asp Ser " 

' ■ ,• 71'5 •• - 720 : '" 

.; Leu Leu Tyr Val lie His; Thr; cys Val »sn thr Ser Asp . Ty^ Asp Ser" " 

Val ,.? 4 1 g :ASn 6yS Val C * s ^r xeu Arg >s„ Leu^ser Tyr Arg ^ 



75 0 



.Leu Glu Le.Glu Val Pro cin Ala Arg Leu Leu Gly Leu Asn Glu Leu 

AS p: Asg LeV teu Gly- Lys : Giu Ser' Pro Ser^ Lys Asg Ser Glu Pro Ser 

•■■ • ' Cjjj- Trp LyV LyS l^s Lys Lys Lys Lys Aro Thr Pro Glh Glu Asr> " 

„ ■ ?■ . 800 

■ Gin Trp Asp Gly val Gly Pro Ile Pro Gly Leu Ser Lys Ser Pro Lys . 

• Gly VaUii,et ^ It p His -Pro f| r val val Lys Pro T^r l!I Thr 

U " ^ ; ^| "" >er Ser. Asn Pro Ala Thr 1,* Gl»- G^ ^Aia . Gl y. ,;- ; 

■ 8 L !S " n A8n leu Ser Al| ser Asn Trp Lys Phe Ala. Ala Tyr ile . 

til Gly ' Gly Ar '> r0 ^: 0 S Ar » Leu Pro He L*u val Glu Leu 

,•• „ 875 880 

l« Arg Met Asp Asp Arg Val Val ser Se, Gly Ala Thr Ala Leu- 

890 895 
Arg. Asn Met Ala Leu Asp yai Arg- Asn Lys Glu \.uM.\. Gly , LyY Tyr ■ 

Ala : "?* *ff Asp V Leu;val Asn Arg Leu Pro Gly Gly^s*; fei.y. >i. 0 . £ e r . • . 

Val Leu Ser AspV Glu Thr Met Ala Al* He Cys Cys. Ala' Leu His- Glu \ 

Val Thr ser Lys as„ Met Glu Asn Ala Lys Ala Leu Ala Asp Ser Glj ' 

Gly lie. Glu Lys Leu: Val Asn He Th r Ljs Gly Arg Gly Asp Ar ? 11 

Ser Leu Lys val Val Lys. Ala Ala Ala Gin Val Leu Asn Thr L Trp 

985 990 H 

»" lHo^. *V- ^ **P Gl^Trp Asn Gin 
Asn „,s o Phe He Thr Pro Valuer Thr Leu Glu Ar^Asp Arg Phe Lys 

l° e is HiS Pr ° LeU !o3 r o Thr *'» «»• fi« 5 Met Ser Pro He Ile 

GXn ser Val Gly Ser^Thr Ser Ser Ser Pr^Ala Leu Leu Gly jx.^T 
Asp Pro Arg ? e |oG lu Tyr Asp Arg r^ ln Pro Pro Met Gln^yr^r,, 
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A S „ Se r Gl^Gl, Asp Ala Thr H,^; G1 / le ; T?r ^^ yiei ser . 
. |ro. Ser Pro Ile _ m xx | .se r ..se 1 Tyr; Ser Ser^ro Ala Arg Glu 

iio n 5 Asn a ^ ^§Ji-i^>i iwiWr^TriV-ci. a, p A? 

Ser As.n Ar g Lys ^s^P.e. AS p ; Ty , Ar^eu^, L eu Gin j. ' ^ 
■His ser Tyr Clu oAs p ;Pro Tyr Phe Asp^p Arg Val .His .Ph^ Previa 

■ . r ?!!s^ yr Ser ^ iRtfV LeU Ser Thr 5 Thr° A9 „. Tyr . 

.;, V a i ,As|.. P he ^^'^-{j^ 

• ? || 5 Gi y sex Pro ^P ^ 0 Tr^^ T/r Asp ^ 5A!p ^ s ? g gx„ Arg^ 

. AS " Ser .. Phe Phe: l?f}c T ? r phe Arg Leu Arg- ■ • 

.••■-??:>• I N FQ RM A T X ON '. TO R SEQ. ID, lid.: . 7 ':■'".' ' 

• ■ I i ) SEQUENCE .CHARACTERISTICS : 

(A) LENGTH: 970 base pairs 
: B TYPE: nucleic acid 
(C) STRANDEDNESS : sihale 
(0) TOPOLOGY: linear" 

li-X) FEATURE: 

(A) NAME/KEY: misc feature 
(B> LOCATIONS 1. : 97o" 

'-....-•.■■.-•..■•(pi.;. OTHER INFORMATION: /note-. "Y2H9V : . \ 

(xi) SEOUENCE: DESCRIPTION: SEQ id NO : 7 : 
. GAATTCCCAC AGATACCACT GCT.GCTCCCG CCCTTTCGCT ' CCTCGGCCGC GCAATGGGCA 
- qCCGCGACGA C :GACTACGAC TACCTCTTTA AAGTTGTCCT TATTGGAGAT TCTGGTGTTG 
GAAAGAGTAA TCTCCTGTCT CGATTTACTC GA'AATGAGTT TAATCTGGAA AGCAAGAGCA 
CCATTGGAGT AGAGTTTGCA ACAAGAAGCA TCCAGGTTGA TGGAAAAACA ATAAAGGCAC 
AGATATGGGA CACAGCAGGG CAAGAGCGAT-ATCGAGCTAT AACATCAGCA TATTATCGTG 
GAGCTGTAGG [ TGCCTT ATTG GTTTATGAc A : TTGCTAAACA -TC TCACATAT. GAAA A TGTAG 
AGCGAT : GGCT. GAAAGAACTG AGAGATCATG CTGATAGTAA CATTGTTAT.C ATGCTTGTGG 
GCAATAAGAG TGATCTACGT CATCTCAGGG CAGTTCCTAC AGATgXagCA AGAGCTTTTG 
CAGAAAAGAA TGGTTTGTCA TTCAT.TGAAA C.TTCGGCCCT AGACTCTACA : AATGTAGAAG 
CTGCTTTTCA GACAATTTTA ACAGAGATT.T ACCGCATTGT. TTCTCAGAAG CAAATGTCAG 
ACAGACGCGA AAATGACATG. TCTCCAAGCA ACAATGTGGT TCCTATTCAT GTTCCACCAA 
CCACTGAAAA CAAGCCAAAG GTGCAGTGCT iGTCAGAACAT cTAAGGCATT TCTCTTCTCC 
CCTAGAAGGC TGTGTATAGT CCATTTCCCA GGTCTSASAT . TTAAATATAW TTGTAATTCT 
TGTGTCAC-TT. TTGTGTTTTA. .ttacttcata : CTTATGAATT TTTCCATGTC CTAAGTCTTT 
TGATTTTGHT TTATAAAATC ATCCACTTGT NCCGAATGNC TGCAGCTTTT TTTC ATGCTA 
TGGCTTCACT AGCCTTAGTT TNATAAACTC.: AATGTTTGGA TTCCTCCCCC CAAAAAAAAA 96 0 
AAAACTCGAG V 

(.2 ) INFORMATION FOR SEQ ID NO: 8: 97 ° 
(i) SEQUENCE CHARACTERISTiCS • 

B TYPE: nucleic acid 

(C) STRANDEDNESS : sinale 

(D) TOPOLOGY: linear 

(ix) FEATURE: 

(A) NAME / KEY : misc feature 
( B) LOCATION.: 1 . . 2* 4 re 
(D) OTHER INFORMATION: /note- "Y2H23b" 



... 60 
12 0 

iep 

240 

3 00 
3 60 
420 

.4.8 0 

;s;4 o . 

60 0 : 
660 
72 0 
780 
84 0 
90 0 



PCT/CA97/00051 



(Xi ) SEOUENCE . DESCRIPTION: SEQ ID jJo : 8 • - 
GAATTCGCGG CCGNGTCGAC CCCCCACCCC rrarrrrn - 

TCTGGNCCCC rTruM^*^ 1 ' rc * CTCC C TGGGGGTGGG 

«ec^«,S * r ,CC * -coco Tcr 5wst „, 



60 
120 

CCCCCTCCAG GtGGACCTGG CGCT """ GTACTGTCC JV ^6 

(2) INFORMATION FOR SEQ ID NO: 9: " ■.\~264:' 



' S ??y E , N S E CHARACTERISTICS- 

A LENGTH: 340 ba^e pairs 
(B) Type: hiicleic "iwS'"' - 

JCJ STRANDEDNESS? single 
- (D) TOPOLOGY: linear — 

■ \ Lx ) FEAT ORE: : 

(A) NAME/KEy; misc fea"tiif« : 
. B LOCATION: l7 3*tf- 
• 0THER IN FORMATION : |.../ n ote- 'X2H2T 



■ Ui> SEQOENCE DESCRIPTION: SEQ ID NO • 9 • ' 

^m^ssz srs zzz™*** 

=«T=MC,*c MO 0 »,co O K .,„ 0OM 0C «„1« «<**«"T, 

«o. S c,« G G ,„c«c, 0 o,gm, " t,!c *»"««« . 



6 0 
120 
180 
24 0 
3 00 

(2) . INFORMATION FOR SEQ ID NO: lo/" W " W "^ U1 340 
(i) SfQUENCE^GHARACTERrSTICS- - 



■JA) NAME/KEY: misc feature 
< g ) LOCAT ION : lvvJul ^ HrG 



iix) FEATURE : 

(A) RAMI 

(B) LOCAiiun: r. . 4U4 

<D) OTHER INFORMATION : /note- -Y2H3 5. 
«xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10. 



TGCACCCTGA NCACCCACAA AGTGGACATN GACJtrrT CAACTGCCGA G.GTGATGTTC 
GAGGACTTCA TCTTCGCCCA rr T r! P*?»*«CTCC TGGGGGGCCA GATCGGGCTG 

GAGGATG YAC TCGGKCTCAC ra ^ AGGTGGAGGT GTTCAWGTCG ■ 

ATCAAGGAGG ^! CATCAAGCGC 

. - 

<2) ^FORMATION FOR SEQ ID NO II ^ 404 

(B) TYPE: nucleir 'i^'-iS 
(C| STRANDEDSElif "»die 
.(P) TOPOLOGY: lineU 



tix) FEATURE : 

(A) NAME/KEY: misc featur. 

0THER ^TORMATiSn: /note „ . Y2H1?1 . 



(XI) SEQOENCE DESCRIPTION: SEQ ID NO'll- 
GAATTCGCGG CCGCGTCGAC AAAAAAAGTA MAGG111 !, ' 

TTTACC AAAA ACATCACCTC TAGCATr Ar • ^^^AACTC GGCAAATCTT ACCCCGCCTG 

TAGCATCACC AGTATTAGAG GCACCGCCTG CCCAGTGACA 



. 60 

120 
180 
240 
300 



60 
120 
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' -112. : . . } .. '. ■ r . 

C ATGTTTAAC GGCCGCGGTA CCCTAACCGT GCAAAGGTAG CAT AATCACT TGTTCCTTAA 180 

GTAGGGACCT GTATGAATGG -CTCCACGAGG GTTC AGCTGT CTCTTACTTT T AACCARTGA .." 240 

AATTGACCTG-CCCGTGAAGA GGCGGGCATG ACACAGCAAG; ACGAGAAGAcV C C T ATG GAG C V ' 3 00 

TTTAATTTAT TAATGCAAAC ,AGT ACCTAAC AAACCCACAG GGTCCTAAAC .' 350 

(2) INFORMATION TOR SEQ ID NO-: 12 : ' 

. (i) SEQUENCE CHARACTERISTICS ; 

(A) LENGTH: 350 base pairs 
iwy< TYPE: nucleic acid 

(C) STRANDEDNESS r single 

• : (D) TOPOLOGY: -linear v-. ■ 

(ix) FEATURE : • 

. (A ) NAME /KEY : mi s c f e ature 
. (B) LOCATION: 17.350 
. . (D) . OTHER INFORMATION: /note- "Y2HO" 



60 



txi) SEQUENCE DESCRIPTI ON : SEQ ID NO : 12 V 
GAATTCGCGG NCGCGTCGAC AG AT A AT G A A* A A A AC C A GAG G T T C C C T T C T TTGGTCCCCT 

NNNNGATGGT GCTATTGTC3A ATGGAAAGGT TCTACCCATT ATGGTTAGAG CAACAGCTAT 120 

AAATGCAAGC CGTGCTCTGA aXtCT^TGAT TCCATTGTAT CAAAAC.TTCT : ATGAGGAGAG\ / 180 
AGCACGATAC CTGCAAACAA TTGTCCAGCA CCACTTAGAA: CCAACAACAT TTG AAGATTT ... 2 4 0. 

TGNAGCACAG GTTTTTTCTC CAGCTCCCTA CCACCATTTA CCATCTGATG CCGTTGGCTC 3 00 

CTACCCAGAG ATTCTACCCA GTGAAAACTC CCACAGCAAC GCAGGTAGGA 350 



»» u y in. tt.?\} 
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• CLAIMS 

What is claimed is: 



me group consisting of a mammalian « a /»ww • , 

NO n rroA , • (^proximately residues 70^377 of SEQ ID 

^mt immmmy residues 346,862 ofSEQ ID NO- 4) p007i 
(approximately ^idu^ 509.^ 

retmoadX receptor-p (SEQ «»4 cytoplasmic : 
12) presemlm-interacting domain. 



M leasi 15 consecutrve nucleotides selected from said group. 



a least 20 consecuttve nucleotides selected from said group. 
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5. An isolated nucleic acid comprise 

antigenic determinant of a presenilin-inteiacting protein selected from the group 
consisting of a mammalian S5a,GT24, p0071, RablT, retinoid X receptor-P, 
c^oplasmc chaperon^ 



6 . A memod for ideaitifying aUd or heterospecific homologues of a 

human presenilin-interactihg protein gene comprising 
- ; goosing a nuclek acid probVor p^ capable of hybiididhg^fo^ 
presenih^^ gene sequence under ^mm}^^^^ 

mixing said probe or primer with a sample of nucleic acids which may 
contain a nucleic acid corresponding to said variant or homologue; 

detectmg hybridization of said probe or primw 
corresponding to said variant or homologue. 



7. A method as in claim 6 wherein said sample comprises a sample of nucleic : 

acids selected from the group consi sting of human genomic DNA* human mRNA, and 
human cDNA. 



8. . A method as in ciaim 6 wherein said sample comprises a sample of nucleic 
acids selected from the group consisting of mammalian genomic DNA, mammaliah 
mRNA, and mammalian cDNA. 



9. A method as in claim 6 wherein said sample comprises a sample of nucleic 

acids selected from the group consisting of invertebrate genomic DNA, invertebrate 
mRNA, and invertebrate cDNA. 
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1ft i : A method as in claim* Anther comprising the step of isolating **id nucleic 
acid corresponding to said variant or homologue. 



5 U 



A method as in claim 6 wherein ^d nucleic acid is identified by 
hybridization. 



12. 



A method as in claim 6 wherein said nucleic acid is identified by PGR 
amplification. 



13. A method for identifying allelic variants or heterospecific homologues of 

human presemKn-interacting protem gene comprising 

Present of selectively binding to a human 

- m « in 8^antibod y withasampleofprotemswruchm 
protein corresponding to said variant or homologue; 

detectingbindmgofsaidantibodytosaid 
vanant or homologue: 



14. A method as in claim 13 wh^em aid »mple comprise, a sample of ^ 
and proteolytic fragments thereof. "" ' 



a 
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15. A method as in claim 13 wherein said sample comprises a sample of 

proteins selected from the group consisting of mammalian proteins. mammalian 
fusion proteins, and proteolytic fragments thereof. 



16. A method as in claim 13 wherein said sample comprises a sample of 
proteins selected from the group consisting of invertebrate proteins, invertebrate 
fusion proteins, and proteolytic fragments thereof. 



17. A method as in claim 13 further comprising the step of substantially 
purifying said protein corresponding to said variant or homologue. 

18. An isolated nucleic acid comprising an allelic variant or a heterospecific 
homologue of a human presenilin-interacting protein gene. 



15 19. An isolated nucleic acid encoding an allelic variant or heterospecific 

homologue of a human presenilin-interacting protein. 

20. An isolated nucleic acid comprising a recombinant vector including ; 
nucleotide sequence of any one of claims 1-19. 



20 



21. An isolated nucleic acid as in claim 20 wherein said vector is an 

expression vector and said presenilin-interacting protein nucleotide sequence is 
operably joined to a regulatory region. 
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express sa^presenilinrim^ 



^ Ahisd^ 

cells;/ ■■ ■ ■- ■ 



Herpes simplex. 



^ • s °l a ted nucleic acid as in claim 2 1 wherein said expression vector 
«cod*« '^*P^m-imer*<mgdor^^^ 

«I«led from the group ^cproisdng of a ma mn aiianS5a,OI24; p 0071 RaWl 



*' An isolated nucleic acid as ir, claim 21 wherein said vector further 
comprtsess^cesencoolng&e^ 

interacting protein fusion protein. 



27. An isolated nucleic acid as in data 26 wherein said exogenous p roKi „ is 



selected from the group consisting of lacZ, trpE, maltose-binding protein, 



a poly-His 
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tag, glutathi ne-S-transferase, a GAL4-DNA binding domain, and a GAL4 activation 
domain. 



28. An isolated nucleic acid comprising a recom^^^ 

5 : including^ 

presenilin^interacting protein gene. 



29. An isolated nucleic acid as in claim 28 wherein said endogenous 

regulatory region is pperably joined to a marker gene. 



10 



30. A host cell unformed with ah expression vector of any one ofclaims 20- 
29, or a descendant thereof. 



31. A host cell as in claim 30 wherein said host cell is selected from the group 

15 consisting of bacterial cells and yeast cells. 



32, A host cell as in claim 30 wherein said host cell is selected from the group 
consisting of fetal cells, embryonic stem ceils, zygotes, gametes, and germ line cells; 



20 33. A host cell as in claim 30 wherein said cell is selected from the group 

consisting of fibroblast, liver, kidney, spleen, bone marrow and neurological cells. 
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0 



34. 



A host cell as in claim 30 wherein said cell is an invertebrate cell. 



35 



A non-human animal model for Alzheimer's Disease, wherein a genome of 
said animal, ^Bi^m^hasb^m^ by at least one recombinant 
constriict.^d^rea 

selected^, &mwm^ofm™^ of nucleotide sequen 
at le^t a function! domain o^etehospe^ 

heterospecifip mu^ (3) insertioh of nucleotide 

sequences encoding at least afunctional opmain of a 

he^specific n^tantp protein, and (4>^ ; 

endogenous preseniliri-interacting protein gene. 



36. An ainmai asin claim 35 wherein said modification is insertion of a 
nucleotide sequence encoding at least a functiona^^ 
presenilin-interacnngp^^^^ 

GT24, PP071, Rabll, retinoid Xreceptor-P,cytoplasmic^^c 

Y2Hl71, ahd Y2H41 protein. ' : ' \ "■■ 



37. An aniinal as in claim 35 Wherein said modification is insertion of a 

nucleotide sequence encoding at least a functional domain of a mutant human 
presenilin-interacting protein selected from the group consisting of a mammalian S5a/ 
GT24, P 007i, Rabll, retinoid X receptor-p, cytoplasmic chaperonin, Y2H35, 
Y2H171, and Y2H41 protein. 
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38. An animal as in claim 35 wherein said animal is selected fc,m the group 

consisting of rats, mice, hamsters, guinea pigs, rabbits, dogs, cats, goats, sheep, pigs, 
and non-human primates.. 



V 39. 



An animal as in claim 35 wherein said animal is an invertebrate. 



; inteiactmg protem cormjrising cul^ a host cell of any of claims 30-34 under 
suitable^ 



41. A substantially pure preparation of a protein selected from the group 

consisting 6f a mW S5a, GT24, pQ07i, fcabl i, retmoid X receptor-P, 
cytoplasmic chaperonin, Y2H35, Y2H171, and Y2H41 protein: 



42. A substantially pure Preparation of a polyjieptide co^^ 

acid sequence of a^^ 

consisting SEQ ID NO: 2, SEQID NO: 4, SEQ ED NO: 6, arid GenBahk Accession 
Numbers F08730, Tl 8858, X8 1889, X56740, X53143, M84820, X63522, M81766, 
U17104, X74801, R12984, D55326, arid T64843. 



43. A substantially pure preparation of a polypeptide as in claim 42 

comprising an amino acid sequence of at least 15 consecutive amino acid residues 
selected from said group. 
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...V Asubstantiallypurep^ 
cytoplasmic chaperonin, Y2H35, Y2H171, and Y2H41 protein 



45. 



Asubstantiallypu^p^ 



; protein selected from the group consisting of a 
~^S5a, GT24,P00^ 

IP chaperonin, Y2H35, Y2H17I, and Y2H41 protein. 



46. 

- bind to a presenilin- 

. .. .. interacting protein comprising the steps of - 

. administering an immunog^^^ 

15 interacting protein immunogen to an animal; 



merefrom. 



•Mowing ssid animal .o produce antibody to said immunogen- and 



- determinant of , W Dro ^ Klectedfom ^ . ^ 

, cytoplasmic chaperonin, Y2H35, Y2H17), and Y2H41 protein. 
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48. ; : A substantially pure preparation of an antibody as in claim 47 wherein said 
antibody selectively binds to ah antigenic determinant of a mutant presenilin- 
interacting protein and fails to bind to a normal pw^-in^^'pw^'- 



5 49. 



A cell line producing an antibody of any one of claims 47.48. 



50. A method for identifjnng compounds which can modulate the expression 

of a presenilm-ihteracting protein gene comprising 

contacting a cell with a test candidate wherein said cell includes a 
3 re ^atoiyregionofapresemlin-intenictmgp ro te^^ 
region; and 

detecting a change in expression of said coding region. 



51. A method as in claim 50 wherein said change comprises a change i 
level of an mRNA transcript encoded by said coding region. 



in a 



52. 



A method as in ^ claMSO wherem said cr^ge a change 



in a 



level of a protein encoded by said coding region: 



53. A method as in claim 50 wherein said change is a result of an activity of { 

protein encoded by said coding region. 
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54.; A method as in claim 50 wherein said coding region encodes a marker i 
prcteinselect*^ 

green fluorescent protein, and luciferase. 



presemim-interacting protein comprising the steps of 

. ■ component; • • ; : 

compound; and 
candidate rompburid. 



56. The memod in 55 wherein said bmdmg to said^p^^ 

co^pnentis^^ 

chromatog^hy, co-immunop^^^ m . 

yeast two-hybrid system. 



57. _ A method of identifying compounds which can modulate acti vity of , 
presemhn^nteracting protein cbmprismg the steps pf 

providing a cell expressing a normal or mutant presenilin-interacting 

protein gene; 

contacting said cell with at least one candidate compound; and 
detecting a change ih a marker of said activity. 



WO 97/27296 



PCT/CA97/00051 



rl24- 



58, , Am^^ 

difference betw^ri cells bearing an expressed mutant presehnin-interacting protein 
gene and otherwise identical cells free of an expressed ■ 
protein- gene: 



59 ; A method as in claim 57 wherein said change comprises a change in a non- 

specific marker ^ 

intracellular Ga^. Na*, or K + ; cyclic AMP levels; GTP/GDP ratios; 
phosphatidyfa^^ 



60. 



A method as in claim 57 wherein said change comprises a change 



in 



expression of said presenilin-interacting protein. 



61. 



A method as in claim 57 Wherein said ch^ ctian£ 



em 



intracellular concentration or flux of an ion selected from me group consistm^ of Ca J V 
Na + ahdK*. : . .\ ,\ '. 



62. 

occurrence or rate of apoptosis or cell death: 



A method as in claim 57 wherein said change comprises a change in 



63. 

production of Ap peptides 



A method as in claim 57 wherein said change comprises a change in 



n\j y iij. arm 
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64. 



A method as in claim 57 wherein said change comprises a change 



phosphorylation of at least one microtubule associated 



in 



protein. 



5 



65. A method as in claim 57 wherein said cell is a cell cultured in vitro. 



66. Amem ^incto^^ 

one of! claims 30-34. 



67. Am ^asinc^^ 
10 at least one mutant presenilin-interacting protein gene. 



68. Amethodas in claim 65 wherein said cell is explanted fom a transgenic 

animal of any one of claims 35-39. 



15 69. 



A method as in claim 57 wherein said cell is a cell in a live animal. 



70. A method as in claim 69 wherein said cell is a cell of a transgenic animal 

of any one of claims 35-39. 



20 71 . A method as in claim 57 wherein said cell is in a human subject in a 

clinical trial. 
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72; A diagnostic method for determining if a subject bears a rrrotant preseriilin. 

interacting protein gene comprising the steps of 

providing a biological sample of said subject; 

detecting in said sample a mutant presenilin.interactmg prbtein nucleic 
acid, a mutant piesenilin^te 
.activity., , . 



73. A method as in claim 72, wherein a mutant presenilin-interacting protein 

10 nucleic acid is detected by an assay selected from the group consisting of direct 
nucleotide sequencing, probe specific hybridization, restriction enzyme digest and 
mapping, PGR mapping, ligase-mediated PGR detection^ RNase protection, 
electrophoretic mobility shift detection, and chemical mismatch cleavage. 



15 74. A method as in claim 72, wherein a mutant presenilin-interacting protein is 

detected by an assay selected from the group insisting of an immunoassay, a 
protease assay, and an eiatrophbretic mobiUty 



. 75 \ A phanmaceuticaipr^ Comprising a substantially pure preseniiin- 
20 interacting protein and a pharmaceutically acceptable carrier 



76. A pharmaceutical preparatioia ^ cbmprisirig ah expression vector operably 

encoding a pre^lm-interacting protein, wherein said expression vector may express 
said presenilin-interacting protein in a human subject, and a pharmaceutically 
25 acceptable carrier. 
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10 



earner. 



A Pharmaceutical preparation as in ciaim 78 wherein sain 

^tMyt«e of an antibody which seieenv-t v , ™*™*"« a 

protein. Sete,Ve,y b,nds a P^eniiin-interacUng 



81. 



20 



A pharmaceutical preparation as in Cain, 80 wherein *a 



phannaceuucal preparauon of any one of c|aims 
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skele l alra Mcl e, kidney , ()aIlc ^ andneltfoI , •»■*>«* 
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